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Great  interest  in  the  increased  use  of  microwave  in 
conjunction  with  individual  CATV  systems  was  evident  by 
the  (standing  room  only)  attendance,  and  the  variety  and 
quantity  of  questions  asked  from  the  floor. 

Mr.  Swanson  pointed  out  that  the  u*se  of  microwave 
dishes  with  their  extremely  narrow  beam  width  places  a 
premium  on  the  torsional  rigidity  of  the  towers  or  the 
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support  structures  on  which  they  are  mounted,  with  many 
existing  towers  no  doubt  inadequate  in  this  regard.  He 
also  made  the  point  that  mounting  dishes  of  great 
^heights  on  towers  could  result  in  intolerable  waveguide 
"losses  at  transmitter  and/or  receiver  locations. 

A very  good  explanation  was  provided  by  Mr. 
Sonnenschein  on  how  the  small  amounts  of  distortion  in- 
troduced by  an  amplitude  modulated  microwave  required 
a very  moderate  reduction  in  the  amplifier  cascade 
following.  He  also  commented  on  path  distances  vs. 
number  of  paths  from  an  amplitude  modulated  transmitter 
Two  of  the  basic  advantages  of  an  amplitude  modulated  1 
link  j.s  the  channel  capacity  within  the  existing  CARS  — 
frequency  spectrum  and  the  reduced  "costs  as  compared  to 
conventional'  microwave  techniques  for  a multi-channel 


Mr.  Stromsted  described  how,  by  use  of  cross  polar- 
ized antenna  feeds  and  advanced  filter?,  his  company 
has  been  able  to  nearly  double  the  number  of  FM  microwave 
channels  in  the  CARS  band,  an  important  consideration. 

He  also  pointed  out  the  fact  that  FM  microwave  operates 
with  appreciably  greater  output  power  and  larger  fade 
margins ..  than  an  amplitude  modulated  system,  and  hence 
has  its  own  special  uses. 

Comments  on  rain  fades  vs.  path  distance  and  a com- 
parison of  fade  phenomena  in  FM  vs.  AM  microwave  systems 
was  provided  by  Mr.  Thatcher*.  He  also  provided  insight 
on  signal  to  interference  and  FM  threshold  numbers  in 
FM  systems . ' 


system. 
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“Mb.  Michels  opened  the  session  with  the  thought  that 
the  intrbduction  of  satellite  system  technology  to  serve, 
a portion  of  the  United  States  telecommunications  market 

t , •.  F , 

will  have  a major  impact  on  future  cable  system  oper-  • 
ations.  Program  transmissions  through  the  satellite  and 
properl^  equipped  earth  stations  will  be  simultaneously 
available  to  all  CATV  operators  desiring  the  service. 

The  key  to  achieving  the  impact  lies  in  the  development 
of  low-cost  earth  terminals  and  will  probably  involve 
the  use  of  frequencies  in  the  11  - 14  GHz  range. 


1 . 


"The  ATS-F  Satellite  Experiment  With  Cable  TV 
Distribution"  - Dr.  Richard  B.  Marsten 


Dr.  Marsten  first  described  NASA's  contribution  to 
an  experiment  involving  instructional  and  educational 
* television.  NASA  will  transmit  programming  material 
devised  by  the  department  of  Health,  Education  and  Welfare 
in  conjunction  with  the  corporation  for  Public  Broadcast- , 
ing.  The  NASA  earth  station  at  Rosman , N.C.,  will  trans- 
mit these  programs  to  the  ATS-F  Satellite  (to  be  launched 


7 


i 

\ 


in  the  Spring  of  1974)  which  will  relay  the  signals  to 
some  500  small  earth  stations  in  the  Rbcky  Mountain 
region.  HEW  will  provide  t};e.  small  earth  stations 
which  will  be  based  on  design  models  developed  by  NASA. 

The  ATS-F  satellite  measures  about  52'  between  the 
tips  of  its  solar  panels;  has  an  antenna  which  unfurls 
in  space  Jto  a"  diameter  of  30' , a design  life  of  two 
years,  500  watts  of  dc  power  at  end-of-life  and  weighs 
3000  pounds  in  orbit.  The  satellite  radiates  15  Wa^ts 

of  RF  power  (in  the  2.5  to  2.69  GHz  band)  to  provide 

one  program  (video  plus  up  to  four  audio)  channel  in 

.each  of  two  beams.  The  beams  measure  360  miles  .in  the  < 

east-west  direction  and  450-500  miles  in  the  north-south 
direction.  '*■ 

The  small  earth  stations  used  to  receive  these 
programs  will  have  7'  antennas  and  the  manufacturers  cost 
is  expected  to  be  around  $400  - $500  per  station.  A video" 
signal  to  noise  ratio  of  4f7  db  (CCIR  weighted)  will  be 
provided  with  a carrier  to  noise  ratio  of  15  db.  Two- 
way  communication  can  be  provided  in  the  experiment. 


Dr.  Marsten .next  offered  brief  descriptions  of  fu- 
ture NASA  work  involving  Communications  Technology 
Spacecraft  and.  ATS-Advanced  Mission  Spacecra  ft . These 
spacecraft  would  investigate  system  problems  with  the  use 
o,f  frequencies  in  the  11  - - 14  GHz  band*  and  the  use  of 
as.  many  as  six  satellite  beams  to  cover  the  entire  v- 
Uni\ted  States.  „v 

he  Domestic  Satellite  Characteristics  and 
Opportunities  for  Cable  TV"  - Ralph  L.  Clark 

Mr \ Clark  began  his  talk  by  stressing  three  major 
obs tacles\v to  the  beginning  of  satellite  service  to 
CATV  operations.  All  eventually  are  economic' problems. 
All  satellite  systems  have  high  fixed  costs  which,  must 
be  shared  by  many  different  kinds  of  users  in  order  to 
economically  provide  the  services  the  CATV  operators 
require.  In  a similar  fashion  the  costs-of  the  required 
earth  stations  must  be  shared  by  many  users  or  they  must 
be  cheap  enough  to  permit  individual  ownership.  Lastly, 
the  programming  material  to  be  transmitted  via  the  satel- 
lite system  must  be  provided  by  someone. 

\ 

Any  satellite  system  will  involve  expenditures  of 
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more  than  $100’ million,  much  of  which  musjt  be  spent  years 
prior  to  any  system  revenues.  The  existing  global  -satel- 
lite system  may  not  serve  as  a useful  model  for  a 
United  States  domestic  satellite  system.  The  global  system 
use^s  frequencies,  (4-6  GHz)  - that  are  shared  with  the 
common  carriers  and  thus  are  limited  in  the  amount  of  power 
they  may  radiate.  (Higher  spacecraft . power  can  result  in 
lower  earth  station  performance  requirements  which  might, 
in  turn,  reduce  total  system  costs.) 

^ The  FCC  is  currently  reviewing  8 applications  to  pro- 
vide satellite  system  facilities  for  the  domestic  markets,. 
I^f  all  applications  were  granted,  the  total  in-orbit  capac- 
ity would  approximate  600  transponders  each  capable  of 
relaying  a video  program.  Since  almost  all  applicants 
envision  serving  the  same  users,  the  FCC  staff  recommend- 
ed that  restrictions  be  placed  on  a number  of  applicants 
to  prevent  a serious  over-supply  of  available  capacity. 
There  are  some- present  indications  that  the  Commission 
might,  however,  adopt  a less,  restrictive  policy. 


\ . 
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SATELLITE /CABLE  SYSTEM  ENGINEERING  SESSION 

CHAIRMAN  MICHELS:  Our  subject  today  is  particularly  appro- 

priate for  the  first  technical  session,  since  it  perhaps  holds 
the  greatest  potential  for  the  challenge  in  our  industry,  satel- 
lite program  distribution.  Now,  for  the  first  time,  National 
CATV  networks  are,  on  a practical  basis,  able  to  distribute  pro- 
gramming by  satellites  on  both  a technical  feasibility  "basis  and 
an  economic  feasibility  basis,  we  hope,  within  a very  short'  time. 

This  morning  we  will  discuss  the  first  planned  experiments  in 
a domestic  satellite  television  distribution  system,  that  is,  the 
ATS-F  program  sponsored  by  NASA.  We  are  particularly  fortunate  to 
have  two.  experts  in  the  satellite  communications  field  this  morning. 
One  is  Dr.  Richard  Mars  ten  and  the.  other  is  Mr.  Ralph  Clark,  and 
we  will  discuss  more  about  those  two  gentlemen  in  just  a few  min- 
utes. 

(■  ' 

The  CATV  industry  is  particularly  concerned  in  the  technical 
configuration  of  any  satellite  system  proposed  by  the  applicants 
to  the  FCC.  Of  importance  to  our  industry  is  our  ability  to  bene-’ 
fit  from  the  new  technology  to  the  maximum  extent.  CATV  tends  to 
differ  in  its  requirements  than  other  types  of  communications  pro- 
posed for  a 'satellite  system.  Our  needs  are  predominantly  one-way 
in  nature;  that  is,  a basic  program  distribution  from  a major  com- 
munications center  in  the  country  to  many- receiving  locations. 

This  lends  itself  to  a higher  power  satellite  generally  and,  in 
turn,  will  allow  lower  cost  receivers,  and  this  is  probably- the 
only  way  a national  CATV  distribution  system  could  be  established 
whereby  each  CATV  system  would  have  a receiving  terminal  at  its 
headend. 

Our  first  speaker  this  morning  is  Dr.  Richard  Marsten.  Dr. 
Marsten  will  discuss  the. ATS-F  satellite  program  and  particularly 
the  experience  in  the  Rocky  Mountain  region  and  possibly  the  Ap- 
palachian region.  I say  possibly  because  it's  uncertain  as  to 
whether  the  satellite  communications  service  will  be  distributed 
to  the  Appalachian  region  at  the  present  time.<  This  will  be  the 
distribution  of  public  broadcast  service  both  directly  to  schools 
and  institutions  and  also  through  cable  TV,  and,  to  a lesser  ex- 
tent, an  experiment  with  direct  satellite-to-home  communications. 

V This  is  a milestone  experience  in  its  initial  opportunity  of 
the  cable  industry  to  demonstrate  the  feasibility  of  this  kind  of 

operation  for  a high  quality  nationwide  program  distribution. 

* \ 

Dr.  Richard  Marsten  was  with  RCA  for  13  years.  He  served  as 
manager  of  space . communications  and  spacecraft  electronic  activi- 
ties in  the -Astro  Electronics  Division  and  was  appointed  Division 
Chief  Engineer  in  1967.  During  this  time  he  had  technical  manage- 
ment responsibility  for  communications  ’ and  electronic  systems  and 
equipment  design  on  Tiros,  Relay,  Ranger,  Nimbus ,\  SERT , and  Lunar 
Orbiter  spacecraft  and  overall  engineering  design'responsibility 
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for  Tiros-M. 

In  1967  he  was  a member  of  the  Broadcast  Panel  of  the  National 
Academy  of  Sciences  Summer  Study  on  Space  Applications  and  in  1968 
chairman  of  the  Panel  on  Point-to-Point  Conmunications.  He  has  held 
national  committee  posts  in  the  AIAA  where  he  was  chairman  of  the 
technical  committee  on  communications  systems  in  1968  and  1969 
and  technical  specialty  group  coordinator  for  information  systems 
during  1970. 

He  is  a Fellow  of  the  IEEE  and  a member  of  the  policy  board 
of  the  IEEE  Communications  Society. 

Since  1969,  Dr.  Marsten  has  been  Director  of  Communications 
Programs  in  NASA's  Office  of  Applications. 

V, 

In  discussion  the  overall  subject  of  satellite  communications 
and  in  particular  the  respective  proposals  to  the  FCC  of  the  vari- 
ous satellite' applicants,  we  have  Mr.  Ralph  Clark. 

“X  * ^ 

Mr.  Ralph  Clark  was  retired  from  service  with  the  federal 
government  in  1970.  His  last;  position  was  as  acting  associate 
director  of  international  communications  in  the  Office  of  Tele- 
communications Policy,  Executive  Office  of  the  President.  He  had 
been  with  the  predecessor  organization  since  1962.' 

Prior  to  that  time  he  had  served  with  the  FCC  and"  in  a number 
.of  different  defense  agencies.  He  has  been  concerned  with  communi- 
cations satellites,  particularly  from  the  beginning,  having  had  the 
defense  projects  under  his  guidance  in  the  early  1960s  and  has  been 
a member  of  the  executive  office  committee  which  drafted  the  Comsat 
legislation. 
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THE  ATS-F  SATELLITE  EXPERIMENT  WITH  CABI£  TV  DISTRIBUTION 

Dr.  Richard  B.  Marsten 
Director 

Communications  Programs  7 

Office  of  Applications 
NASA 

Washington,  D.C. 

The  ATS-F  (applications  technology  satellite  F)  experiment  in 
the  Rocky  Mountains  is  a joint  experiment  for  which  NASA  is  sup- 
plying satellite  channel  capacity  to  the  Department  of  Health,  Ed- 
ucation and  Welfare  and  associated  local  groups  in  the  Rocky 
Mountain  Federation  of  States. 


i 


This  is  part'  of  NASA’s  general  policy  of  making  available 
satellite  capacity  we  have  to  interested  users:  to  provide  them 

with  experience  in  satellite  communications  operations  and  to  give 
them  an  opportunity  to  experiment  generally  with  the  kinds  of 
things  that  this  technology  helps  to  do  well. 

The  burden  of  proposing  sensible  experiments,  of  developing 
and  supporting  the  ground  system  and  of  operating  the  experiment 
rests  with  the  user. 


5-F^j 


The  ATS-F  experiment  is  a departure  in  one  new  way.  ATS-F  is 
still  in  development.  It  will  be  launched  in  the  early  spring  of 
1974  and  we  were  approached  by  HEW  and  the  Corporation  for  Public 
Broadcasting  together  \£o  ask  if  we  would  provide  them  with  capacity 
to  conduct  a series  of  ^community  broadcast  experiments  in  public\ 
service,  in  education,  in  health  teleconferencing  and  an  assortment 
of  other  things.  \ 

Although  we  didn't  have  plans  at  the  time  for  broadcasting  in 
the  appropriate  bands,  we  agreed,  to  the  experiment  and  have  since 
incorporated  this  capability  into  >the  satellite  for  the  user's  bene- 
fit. r 

I want  to  emphasize  at  the  outset,  to  dispel  what's  a preva- 
lent misconception,  that  NASA  is  not  in  any  broadcasting  or  oper- 
ational business  and  that  this  experiment  is  not  a direct -to-home 
broadcast  experiment. 

Figure  1 is  a series  of  notes  to  the  frequency  rules  and  regu- 
lations governing  the  various  kinds  of  services.  The  (broadcast 
satellite  service  is  a general  class  in  which  the  kind  ofvexperi- 
ment  that  we  are  going  to  work  with  HEW  and  CPB  would  fall  when 
the  experimental  results  are  extrapolated  to  someone's  operational 
system.  \ 

There  is  provision  here  for  -"individual  reception."  This  is  . 
reception  by  simple  domestic  installations,  and  for  community  re- 
ception, which  is  the  reception  of  broadcast  signals  by  community 
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receivers  for  local  redistribution  or  for  community  viewing,  as 
in  a town  meeting.  This  is  the  kind  of  reception  the  ATS-F  exper- 
iments will  provide. 

. *• 

The  second  important  item  (Figure  2)  is  that  the  band  in  which 
these  experiments  will  be  run  is  the  2500-to-2690  megahertz  band, 
whicii  is  allocated  exclusively  to  instructional  and  educational 
broadcasting.  It  is  not  available  for  commercial  satellite  commu- 
nications and  it's  not  available  for  generalized  commercial  broad- 
casting. This  band  is  restricted  primarily  to  public  service  uses 
such  as  education  and  instruction  and,  in  a manner  of  speaking, 
health  services  where  they  relate  to  education  and  instruction. 

Figure  2 shows  all  of  the  bands  that  are  allocated  in  some 
way  to  broadcast  services.  The  11.7-to-12.5  gigahertz  band,  is  al- 
located to  generalized  broadcast  services  but  must  be  shared  co- 
equally  with  the  commercial  satellite  services  of  the  Intelsat/ 
Comsat  kind,  which  don't  necessarily  envision  broadcasting  to  any- 
body but  do  embrace  telephony,  telegraphy  and  communications  of 
record. 

Figure  3 is  a photograph  of  a full-scale  model  of  ATS-F.  It 
is  large.  From  tip  to  tip- of  the  solar  panels  is  52  feet.  The 
diameter  of  the  deployed  antenna  is  30' feet,  and  the  antenna  is 
not  extended  until  after  the  satellite  is  launched  free  of  the 
booster  and  deployed  in  orbit.  It's  wound  around  a hub  in  a very 
tightly  coiled  spring  arrangement  and  uncoils  and  erects  in  space. 

From  edge  to  edge  of  the  equipment  module  at  the  bottom  of  the 
truss  we  measure  64  inches.  The  satellite  weighs  approximately  a 
ton  and  a half  and  the  power  at  the  end  of  its  two-year  life  is  to 
be  approximately  500  DC  watts,  available  at  the  output  terminals 
of  the  solar  array.  That  converts  to  some  smaller  number,  perhaps 
80  watts  at  the  860-megahertz  frequency  and,  for  our  purposes, 

15  watts  for  each  of  two  channels  in  the  instructional  TV  broad- 
cast band  at  2500-to-2690  megahertz. 

Figure  4 is  a cartoon  of  the  kind  of  experiment  we  expect  to 
do  with  HEW  and  CPB.  The  satellite  itself  is  placed  in  an  equator- 
ial orbit  at  an  altitude  of  22,300  miles.  At  that  magic  altitude 
it  rotates  once  a day  with  the  earth  and  so  appears  to  be  station- 
ary over  the  equatorial  trace  on  which  it  is  parked.  Therefore, 
you  can  get  24-hour  coverage  of  any  particular  area  toward  which  . 
the  satellite  is  pointed. 

The  satellite  is  visible  over  a very  large  surface  region.  We 
can  see  it  from  our  control  station  at  Rosman,  North  Carolina.  The 
Rosman  station  is  the  standard  operating  site  for  control  and  all 
experiment  operations  of  ATS-F. 

The  satellite  itself  is  accessed  through  an  uplink  in  the 
commercial  communications  band  at  6 gigahertz.  We  can  transmit 
anything  compatible  with  the  satellite  receiver  up  that  link;  the 
receiver  has  approximately  500  megahertz  bandwidth. 
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ATS-F  can  transmit  down  at  a number  of  frequencies,  some  of 
which  are  in  the  2500-to-2690  band,  and  those  frequencies  will  be 
used  to  illuminate  areas  in  the  Rocky  Mountain  region  and/or  in 
Alaska,  depending  on  how  HEW  allocates  the  time  for  its  user  ex- 
periments and  how  the  various  uses  are  disposed  over  the  available 
time  and  power  in  the  satellite. 

We  do  not  expect  to  provide  signals  for  both  rebroadcasting 
from  local  stations  which  will  be  equipped  with  ground  receivers 
and  ^distribution  from  cable  head  ends  which  may  be  equipped  with 
ground  receivers.  We  would  also  expect  to  provide,  in  rural  towns, 
villages,  regions  where  there  aren't  any  available  coverages 
either  from  cable  or  from  broadcast  stations,  signals  for  direct 
village  distribution  from  the  local  ground  receiver  that  is  sup- 
plied there.  .. 

HEW  intends  to  procure  and  deploy  approximately  500  of  these 
small  ground  receivers. 

i V.  • 

We  expect  also  to  prpvide  some  back- links  so  that  experiments 
can  be  done  in  interactive  services.  One-way  service  experiments 
are  not  ‘•.very  useful  for  determining  attractive  applications  in 
education  and  health  care  information  delivery,  where  future  de- 
mands point  to  interaction  and  broad  band.  So  we  have  to  tare 
voice  back  link  capability,  in  which  the  access  back  to  the  satel- 
lite will  be  provided  on  a different  but  related  frequency,  in  the 
same  general  frequency  region,  through  the  small  ground  stations. 

Figure  5 shows  the  pairs  of  footprints  that  can  be  made  avail- 
able from  the  satellite  in  the  Rocky  Mountain  region.  We  have  two 
beams,  each  of  which  will  provide  a full  TV  channel  with  as  many 
as  four  simultaneous  audio  links.  The  satellite  antenna  pattern 
is  configured  to  produce  one  north-south  pair  only.  The  position 
of  the  pair  on  the  ground  can  be  changed  by  pointing  the  satellite 
where  coverage  is  desired. 

The  area  covered  is,  approximately  360  miles  east-west  by  450 
miles  north-south  in  the  lower  beam  and  about  500  miles  north- 
south  in  the  upper  beam.  The  elongation  is  due  to  the  angular 
squint:  the  satellite  is  not  looking  down  ^the"  nadir  perpendicular 

to  the  surface,  but  is  squinting  upward  from  the  equatorial  plane 
to  illuminate  the  Rocky  Mountain  region  at  an  angle  to  the  surface. 

Figure  5 also  shows  the  locations  of  some  of  the  rebroadcast 
stations.  These  are  Public  Broadcast  Service  stations.  Notice 
that -in  some  areas  (in  Wyoming,  for  example,  and  in  Montana)  there 
aren't  any  Public ’.Broadcast  Stations  at  all.  There  may  be  some 
cable  systems  there  that  are  ^interested  in  cooperating  with  the 
experiment.  • / 

To  work  with  the  satellite,  we  have  developed  an  experimental 
model  of  a small  ground  station.  Figure  6 is  a photograph  of  the 


11 


station  that  was  developed  at  Stanford  University  under  NASA  spon- 
sorship. It  operates  in  the  general  S band  region  from  about  2200- 
to-2700  megahertz.  The  antenna  is  made  of  flat  stock,  force-bent 
to  a frame.  It's  very  inexpensive.  Two  technicians  can  assemble 
it  within. two  hours  when  it  is  delivered  in  boxes  with  the  sections 
sta'cked.  - 


. The  diameter  of  the  antenna  is  lb  feet  tip  to  tip.  In  the 
photograph  the  seams  of  one  of  the  sectors  are  visible.  The  sec- 
tors ate  cut  so  that  when  bent  to  the  frame  they  form  a parabolic 
antenna.  Above  the  reflector,  behind  its  feed,  is  the  entire  elec- 
\ tronics:  a parametric  amplifier  or  a tunnel  diode  front  end, 
\modulation  converter  and  output  cable.  The  cable  may  be  connected 
wherever  it  will  have  to  go,  either  to  the  cable  system  headend 
for  redistribution  or  to  conventional  receivers  to  feed  into  the 
turret  or  on  a particular  standard  TV  channel. 

We  use  FM  with  approximately  25  megahertz  total  bandwidth  for 
the  signal.  Four  audio  channels  are  provided,  each  in  its  own 
subcarrier.  The  four  audio  subcarriers  each  deviate  the  video  car- 
rier by  about  490  kilohertz  of  peak  audio  deviation  to  its  partic- 
ular subcarrier.'  -The  four  subcarriers  are  multiplexed  with  the 
video  so  that  the  whole  signaj.  package , video  plus  four  audio  chan- 
nels, takes  up  25  megahertz.  These  characteristics  are  for  recep- 
tion only.  The  NASA  development  has  not  addressed  the  problem  of 
interactive  talk-back  capability.  We  have  done  this  development 
\ to  demonstrate  what  could  be  done  and  to  show  that  it  can  be  used 
'•with  signals  of  appropriate  small  flux  density.  We  have  made  and 
will  continue  to  make  the  technology  available  to  interested  par- 
ties; it  is  in  the  public  domain. 

This  technology  is  currently  being  used  by  HEW-CPB  to  go  out 
on  procurement  for  their  500  ground  stations  to  their  own  design, 
which  includes  interactive  talk-back  capability  for  up  to  50  voice 
channels. 

Figure  7 shows  some  results  of  cost-size  tradeoff  studies  to 
determine  whether  we  really  were  in  the  right  ballpark  with  the 
station  sizing  that  we  chose.  We  did  this  both  at.  860  megahertz, 
which  is  the  frequency  of  a like  experiment  we  have  agreed  to  con- 
duct with  the  Government  of  India  in  the  second  year  of  satellite 
life,  and  at  2500  megahertz. 

In  the  figure  we  polt  the  gain-to-noise  ratio  of  the  receiver 
• as  a function  of  the  antenna  size  and  then  determine,  as  best  we 
could,  what  the  ground  station  costs  would  be  for  some  moderate 
quantity  as  a function  of  that  ratio.  In  both  cases,  the  cost 
minima  occur  about  at  the  3-meter  size. 

The  situation  is  a little  bit  more  flexible  as  the  frequency 
goes  lower,  but  2500-2690  megahertz  is  the  frequency  band  of  interest 
in  the  United  States,  so  we  feel  we  are  close  enough  to  the  bottom 
with  our  engineering  model  development  to  have  substantially  chosen 
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the  low-cost  development  about  where  it  could  be  most  attractive. 

We  have  obtained  preliminary  estimates  of  what  these  stations 
would  cost  in  quantity.  The  estimates  are  supplied  by  people  who 
are  in  the  production  business , such  as  GE,  Hoffman  Electronics, 
others  who  make  this  kind  of  equipment  in  their  normal  business  . 
operations.  In  quantities  of  up  to  a thousand,  the  ground  station 
of  Figure  6 would  run  in  the  neighborhood- of  $500  emplaced.  That's 
not  a lot  of  money.  It  compares  with  the  approximately  $100,000 
to  $250,000  that  one  would  have  to  pay  for  a 30- foot  ground  sta- 
tion to  work  television  distribution  with'^current  commercial  satel- 
lite designs  of  the  domestic  satellite  variety  that  have  been  pro- 
posed. (Some  cable  operations  could  afford  the  more  expensive  ap- 
proach but  they  would 'be  operating  still  in  the  commercial  satel- 
lite communication  bands,  not  in  the  educational  bands,  so  that  is 
not  relevant  to  our  experiment.) 

Figure  8 is  a photograph  of  the  NASA-developed  engineering 
model  of  antenna  electronics,  showing  the  exterior  or  antenna  unit 
and  the  indoor  unit  that  is  fed  by  the  modulation  converter  on  the 
antenna  in  both  rear  and  front  views. 

Figure  9 shows  the  characteristics  of  the  complete,  experi- 
mental receiving  system  that  we  chose  to  do  at  2.6  gigahertz,  FM, 
25-megahertz  bandwidth,  no  tuning.  It  is  a fixed,  single-channel 
receiver. 

The  noise  figure  in  the  model  we  developed  was  7 db.  The  7 db 
can  be  achieved  with  a 39-cent  transistor  in  the  front  end.  A 
two-dollar  transistor  can  be  used  to  reduce  the  noise  figure  to  5 
db.  If  one  gods,. to  more  elaborate  things  such  as  an  HP-21,  the 
noise  figure  can  be  brought  down  to  about  2 or  3 db  but  the  cost 
of  that  device  is  $21.  One  can  see  where  volume  manufacturers 
might  have  difficulty  coming  to  terms  with  that  kind  of  component 
cost  in  the  development  and  manufacture  of  low-cost  systems. 

Working  with  the  experimental  transmission  capability  of  ATS-F, 
this  set  of  characteristics  leads  to.an  output  picture  quality  of 
&7  db  CCIR  weighted.  This  quality  picture  can  be  rebroadcast , can 
be  redistributed,  and  will  still  yield  a good  deal  better  result 
than  one  is  accustomed  to  on  the  home  set  most  of  the  time.  That 
quality  is  better  than  TASO-1.  The  experiment  technical  quality 
was  designed  this  way  deliberately  because  we  do  notwant  the  HEW- 
CPB  experiment  to  be  signal- limited.  This  is  not  typical  of  what 
one  might  approach  or  want  to  provide  in  an  operational  system, - 
because  the  objective  of  the  ATS-F  experiments  with  HEW  and  CPB 
is  not  to  show  that  we  can  communicate  by  satellite  — I think 
the  Comsat/Intelsat  system  demonstrates  that  quite  handily  --  but 
to  provide  a capacity  on  which  experiments  of  use  can  be  conducted 
without  complaints  about  the  signal  quality. 

That  summarizes  the  HEW-CPB  experiments.  They  will  be  working 
with  some  500  assorted  towns,  villages,  cable  headends  and  broad- 


casters.  They  will  be  experimenting  in  one-way  and  two-way  educa- 
tion delivery,  the  kinds  of  programming  that  are  effective,  the 
methods  of  use  or  delivery  that  are  effective,  and  how  to  mix  CAI 
with  more  or  less  standard  programming  in  audio/video. 

The  health  people  will  be  experimenting  with  off-campus  pro- 
fessional education  connecting  the  four  medical  schools  in  the 
region  with  advanced  students  at  remote  health  stations  for  actual 
video  instruction  and,, in  some  cases,  with  two-way  video  remote 
diagnosis  and  prescription. 

Figure  10  shows  an  artist's  picture  of  the  Communications 
Technology  Satellite  we  are  developing  in  concert  with  the  Canadian 
government.  This  satellite  is  the  first  development  inhthe  11-to- 
13  gigahertz  band,  where  there  is  a larger  application  for  broad- 
casting than  in  the  instructional  band  at  2-1/2  gigahertz. 1 The 
satellite  will  have  the  capability  of  providing  one  or  two  video 
channels  sequentially  across  the  country  of  Canada  or,  alternatively 
a:ross  the  entire  United  States,  in  a beam  covering  about  1/3  of 
the  country  at  a time.  We  intend  to  launch  it  about  the  middlev  of 
1975.  Time  for  user  experiments  will  be  shared  equally  between  the 
United  States  and  Canada. 

This  satellite  is  intended  not  only  to  develop  the  technology, 
'but  to  provide  capacity  for  uses.  Figure  11  lists  the  kinds  of 
things  we  would  like  to  demonstrate  in  making  the  satellite  capa- 
city available  to  interested  users  who  wish  to  propose  experiments. 

The  importance  of  tahis  new  development  is  that  the  band  is 
available  for  both  broadcasting  and  commercial  satellite  communica- 
tion. At  the  12  gigahertz  frequencies  one  could  conceivably  work 
with  an  antenna  as  small  as  2 feet  in  diameter  and,  once  again, 
the  development  objective  is  to  provide  an  inexpensive,  relatively 
foolproof  receiver  that  will  stand  up  in  remote  regions  and  deliver 
a good  quality  signal.  ! 

Finally,  since  neither  the  ATS-F  experiments  nor  the  proposed 
experiments  on  the  Communications  Technology  Satellite  provide 
simultaneous,  multiple-beam  capability,  it  will  become  important 
to  investigate  the  flexibility  and  the  technology  associated 
with  the  simultaneous  coverage  this  capability  could  provide  to 
different,  geographically  separate  regions. 

Figure  12  shows  an  artist's  concept  of  one  approach  to  multi- 
ple-beam, capability  that  we  are  studying  for  possible  launch  by 
about  1977  or  '78.  wThe  intent  is  to  have  as  many  as  six  beams 
which  could  be  used  simultaneously  to  cover  the  continental  regions 
of  the  country,  Alaska,  and  Hawaii;  and  to  make  available  within 
each  of  those  beams  ^a  number  of  channels.  So  this  is*,  in  a sense, 
the  technology  of  the  middle  future  in  satellite  communications. 

High  power  for  multiple  channels  within  a beam,  multiple  beams  with 
footprints  that  are  contoured  to  represent  more  closely  the  time 
zones,  for  example,  or  other  geographical  regions  they  wouldiil- 
luminate  and,  again,  for  flexibility  in  experiments. 
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THE  DOMESTIC  SATELLITE  CHARACTERISTICS 
AND  OPPORTUNITIES  FOR  CABLE  TV 

Ralph  L.  Clark 
NCTA  Consultant 
Washington,  D.C. 

For  some  of  us  who  were  in  the  Eye  Opener  Session  this 
morning,  you  will  have  to  forgive  me  but  this  is  somewhat  repeti- 
tious but  I think  it  will  be  useful  for  the  subsequent  discussion 
and  there  are  many  new  faces  here  that  weren't  with  us  at  eight 
o'clock.  I'm  not  sure  my  eyes  were  open  myself.  Maybe  I didn't 
see  all  of  you. 

Somebody  said  that  he  was  there  with  toothpicks  to  keep  his 
eyes  open  and  somebody  else  said  that  would  show  all  the  red  eye- 
balls. 

The  development  of  the  potential  of  domestic  communications 
satellite  systems  for  enhancing  the  services  of  cable  television 
systems  faces  a number  of  major  obstacles  before  there  is  any  pro- 
mise of  financial  return  for  us  in  these  services.  It's  not  just 
a chicken  and  egg  problem  but  we've  got  at  least  a three-cornered 
problem.  We've  got  interlocking  activities  which  will  require  sub- 
stantial commitments  of  resources  before  a program  service  via 
satellite  can  be  available  to  cable  system  subscribers. 

First,  there  will  have  to.be  the  satellite  system  which,  to 
be  economicalLy^viable,  will  have  to  be  part  of  a system  established 
to  satisfy  other  communications  requirements.  In  other  words,  if 
we  are  going  to  use  a few  transponders  for  cable  program  relay, 
these  will  have  to  be  carried  as  part  of  a higger  system  that  is 
serving  other  needs  also. 

There  will  have  to  be  a set  of  earth  stations  which  serve 
a number  of  communications  activities  or,  hopefully,  are  economi- 
cally viable  as  a separate  entity  so  that  we  can  each  have  an 
earth  station  at'  our  headends. 

Then  there  will  have  to  be  a program  service  or  services 
provided  to  make  use  of  this  system. 

Each  of  these  three  separate  parts  of  the  service  will  in- 
volve commitments  of  hundreds  of  thousands  or  a few  million  dol- 
lars before  there  is  any  payoff  in  sight.  If  we  address  ourselves 
to  the  satellite  portion  of  the  system  first,  we  need  to  look  at 
the  current  state  of  affairs  with  regard  to  proposals  which  could 
lead  to  a satellite  transmission  capability  to  meet  our  needs. 

Many  look  at  the  successful  international  communications  satellite 
system  operated  by  Comsat  for  the  international  consortium  Intelsat 
and  say,  "Why  can't  we  use  a system  like  that?" 

There  are  major  obstacles  to  the  successful  direct  conver- 
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sion  of  the  international  system  to  domestic  services.  The  fre- 
quencies used  by  Intelsat,  which  were  agreed  to  internationally 
during  t-.he  extraordinary  administrative  radio  conference  in  1961, 
are  shared  with  extensive  terrestrial  microwave  systems  which  neces- 
sitates rather  stringent  ^imitations  on  the  signal  intensities  that 
satellites  can  lay  down  on  the  ground  to  avoid  interference  to  these 
existing  microwave'  systems. 

The  TD-2  system,  which  is  the  backbone  of  the  common  car- 
rier microwave  relay  system  in  this  country,  operates  in  these 
same  bands,  4 and  6 GHz. 

This  is  not  a great  handicap  for  the  international  system 
which  is  set  up  primarily  to  provide  a large  number  of  telephone 
channels  and  a few  television  channels  between  countries  where  the 
demands  are  relatively  large.  The  fact  that  an  Intelsat  earth  sta- 
tion costs  several  million  dollars  to  work  effectively  at  these  low 
signal  levels  does  not  provide  the  same  obstacle  to  an  effective 
economic  system  that  would  be  the  case  of  a domestic  system  desiring 
to  reach  a large  number  of  separate  terminals  with  a few  channels. 

We've  even  got  troubles  in  the  international  area  where 
some  of  the  smaller  countries  that  had  a few  HF  channels,  possibly 
5 to  20,  have  put  in  ground  stations  that  cost  c or  §7  million. 

Now  they  are  trying  to  run  those  same  channels  through  the  satel- 
lite and  they've  got  much  better  transmission  but  the  cost  pev 
channel  is  ten  times  what  it  was  with  their  HF  systems.  So  they 
are  crying  about  the  cost. 

Telesat  Canada,  which  is  being  built  to  operate  in  these 
same  frequency  bands,  is  planning  a number  of  receive-only  earth 
stations  which  I am  told  are  costing  about  §200,000  each  on  a turn- 
key basis.  I think  they  are  buying  35  of  them.  This  is  a complete 
station  with  a building,  a power  supply  and  everything  but  about 
200  k. 

These  stations  are  configured  to  handle  one  or  two  televi- 
sion programs  and  they  have  been  engineered  to  provide  this  ser- 
vice at  about  the  minimum  cost  using  these  frequencies  at  the 
present  time,  that  is,  in  the  4 and  6 gigahertz  bands. 

Another  problem  sometimes  develops  because  it's  necessary 
to  locate  the  stations  remote  from  the  location  where  you  need  the 
service.  Because  of  possible  interference  with  the  surface  micro- 
wave  systems,  you  may  have  to  locate  the  station  away  from  the 
center  where  service  is  desired  and  use  microwave  relay  on  other 
frequencies  to  tie  the  station  with  the  load  center.  y 

One  of  the  possibilities  of  reducing  the  cost  of  earth  sta- 
tions and  thus  reducing  the  cost  of  the  overall  system  is  to  use 
frequencies  in  bands  where  satellite  services  have  priority  and 
where  they  are  not  restricted  in  the  amount  of  signal  they  can 
lay  down  on  the  surface. 
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The  most  promising  of  these  bands  for  television  programming 
distribution  to  a large  number  of  receive-only  earth  stations  would 
be  the  frequencies  in  11,  12,  13,  and  14  gigahertz,  which  were  ap- 
proved recently  by  the  Administrative  Radio  Conference  in  1971  for 
this  service.  However,  the  technology  necessary  for  the  use  of 
these  frequencies  is  nowhere  near  as  well  developed  or  as  well  ad- 
vanced as  that  for  the  use  of  the  lower  frequencies  and,  consequent 
ly,  more  development  work  must  be  done  and  there  are  greater  uncer- 
tainties as  to  the  costs  of  quite  a few  of  the  components,  the 
ground  station  and  space  segment  components  as  well. 

As  we  know,  the  Federal  Communications  Commission  has  had 
the  question  of  domestic  communications  satellites  under  consider- 
ation for  a long  tine.  Recommendations  were  made  by  the  Office  of 
Telecommunications  Management  five  or  six  years  ago,  as  I recall, 
that  a pilot  system  be  established  to  develop  technical  and  eco- 
nomic information  which  could  guide  the  country  in  the  exploita- 
tion of  domestic  satellites.  As  a result  of  many  actions,  many 
proposals  and  recommendations  by  various  organizations,  the  situa- 
tion has  gone  through  a large  number  of  changes. 


to  build  independent  ground  stations.  On  March  17,  1972,  the  Com- 
mission issued  a Memorandum  and  Order  which,  in  effect,  was  just 
a cover  letter  on  top  of  a set  of  recommendations  of  the  Common 
Carrier  Bureau  of  the  Commission.  Although  this  report  and  order 
did  not  present  a final  decisior  on  the  subject,  it  did  take  a 
major  step  toward  a plan  for  the  establishment  of  domestic  communi- 
cations satellite  services. 

The  Commission  then  asked  for  comments  to  be  filed  by  April 
19  and  provided  for  oral  argument  before  the  Commission  en  banque 
on  May  1 and  2.  So  let's  look  briefly  at  these  proposals  --  what 
the  applicants  propose  and,  to  some  extent,  what  the  Commission 
staff  proposes  to  do  with  these  applications. 

Systems  were  proposed  by  Western  Union  Telegraph  Company; 
Hughes  Aircraft  Company,  with  four  telephone  opening  companies 
of  GT&E  Service  Corporation  affiliated;  by  Western  Telecommunica- 
tions, Inc.;  by  RCA  Global  Communications,  Inc.  and  RCA  Alaska 
Communications,  Inc.;  by  Communications  Satellite  Corporation  and 
AT&T  as  a team;  by  Comsat  separately;  by  Lockheed  MCI  Satellite 
Corporation;  and  by  Fairchild  Industries,  Incorporated. 

The  applications  filed  by  these  several  companies  provide  a 
range  of  possible  services  to  CATV  system  operators  and  a con- 
siderable variation  in  possible  business  relationships  with  users. 

A most  interesting  application,  from  the  standpoint  of  the 
CATV  system  operator,  is  that  of  Hughes.  Hughes  proposes  a system 
to  generate  programs  and  distribute  them  for  a fee  via  satellite 
to  CATV  operators.  Hughes  has  presented  a fee  schedule  based  on 
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a fixed  charge  for  each  subscriber  to  a CATV  system.  Quoted  fees 
have  ranged  from  25  cents  per  .month  per  subscriber  to  $2.00  per 
month  per  subscriber,  depending  on  the  amount  of  service  the  CATV 
operator  got  from  Hughes,  the  type  of  programming,  and  so  on. 

Hughes'  proposal  also  would  provide  long-haul  communications 
relay  for  GTi2.  It  contemplates  major  earth  stations  in  the  vicin- 
ity of  New  York  and  Los  Angeles  with  receive-only  earth  stations 
that  could  be  located  close  to  CATV  headends. 

These  stations  would  use  35-foot  diameter  non-tracking  an- 
tennas — that  would  be  a fixed  antenna  somewhat  similar  to  this 
ATS-F  experiment  --  with  feed  arrangements  which  would  permit  a 
switch  to  an  alternate  satellite  when  one  satellite  passes  before 
the  sun.  In  other  words,  at  certain  times  of  the  year  the  satel- 
lite will  pass  across  the  face  of  the  sun  and  you  get  noise  from 
the  sun  and  so  you  would  switch  to  a second  satellite  and  they 
would  put  two  satellites  in  orbit  to  take  care  of  this  operation. 

This  switch  would  only  have  to  be  done  on  a few  days  twice  a year 
and  it  could  be  computer-controlled  from  a remote  location  so  that 
it  could  be  done  automatically. 

• ' .}•••«, 

Hughes  estimates  that  these  stations  would  cost  approximately 
$100,000  and  if  they  were  used  for  several  services  the  costs  could 
be  apportioned  between  the  several  users.  On  the  other  hand,  such 
stations  could  be  provided  for  a CATV  headend. 

Hughes  would  provide  12  channels  per  satellite  and  guaran- 
tee 20  channels  for  the  8 that  they  have  assured  GT&E  they  would 
provide  and  12  channels  for  video  program  distribution. 

Several  of  the  other  applicants  before  the  Comnission  pro- 
posed various  video  transmission  services  as  part  of  their  total 
plan.  Some  give  specific  attention  to  the  provision  of  such  ser- 
vices to  a widely  distributed  system  of  receive-only  ground  sta- 
tions. RCA,  Western  Telecommunications  and  others  considered  this 
possibility. 

The  Comsat  application  proposed  a multi-purpose  service  that 
would  include  CATV  systems.  It  suggested  that  two  television  chan- 
nels would  be  needed  by  CATV.  Some  of  us  would  have  doubts  that 
that  is  going  to  be  enough.  Comsat  in  this  application  and  in  sub- 
sequent discussions  which  we  have  had  with  the  people  have  opposed 
the  idea  of  user-owned  earth  stations  dedicated  to  one  service  such 
as  CATV  operations. 

I!CI-Loc!:heed  proposes  to  provide  primarily  leased  telecom- 
munications services.  It  would  provide  service  for  transmission 
of  CATV  programming  either  on  an  occasional  basis  or  with  a full- 
time dedicated  transponder,  one  TV  channel  per- transponder.  Lock- 
heed proposed  to  establish  15  transmit/ receive  earth  stations  at 
major  metropolitan  centers  which  would  be  program  sources  and  this 
application  proposed  the  establishment  of  receive-only  ground 
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stations  which  could  be  used  for  CATV  service  and  either  owned  by 
Lockheed  or  by  the  CATV  system. 

Fairchild  Industries  proposed  to  provide  24  channels  for 
wide  area  TV  coverage  of  the  48  contiguous  states. 

Western  Union  proposed  to  provide  ten  full-time  channels  for 
video  services. 

The  AT&T-Comsat  proposal  is  for  a system  dedicated  primarily 
to  expanding  the  existing  services  that  AT&T  now  provides.  It 
would  involve  three  satellites  to  be  put  up  and  operated  by  Comsat, 
and  five  ground  stations.  It  makes  no  specific  provision  for  CATV 
program  distribution  or  for  distribution  to  receive-only  earth  sta- 
tions. AT&T  does  propose  to  provide  adequate  circuit  capacity  in 
the  system  for  program  distribution  but  it  would  have  to  be  leased^ 
to  another  operator  to  provide  for  CATV  use. 

No  one  of  these  applications,  with  the  possible  exception 
of  Fairchild  Industries,  offers  hope  of  a reasonably  economical  sys- 
tem for  distribution  of  television  programs  to  CATV  headends.  Fair- 
child  has  quoted  prices  of  from  $234,000  to  about  $360,000  per  year 
per  channel,  and  the  rest  of  the  applicants  have  proposed  prices 
from  75  to  $125,000  per  month. 

Most  of  them  contemplate  a channel  in  the  present  4-6  giga- 
hertz bands  which  will  require  earth  stations,  which  I estimate 
and  o thejqggfea v&mwI  1 1 cost  ,75  to  $100,000  each.  I mentioned  the 
$200,000  price  tag  associated  with  the  Telesat  Canada  station. 

The  FCC  Common  Carrier  Bureau  considered  the  several  appli- 
cations, the  fact  that  many  of  them  propose  services  to  the  same 
customers,  that  the  economics  of  communication  satellite  services 
are  still  somewhat  uncertain,  and  that  a grant  of  all  of  the  appli- 
cations might  result  in  a substantial  period  of  time  while  the 
several  applicants  worked  out  possible  combinations.  They  have 
to  resolve  the  problems  of  financing,  they  will  compete  for  commit- 
ments to  provide  service  to  customers,  and  so  on. 

The  total  of  these  applications  would  provide  about  600 
transponders  in  space  and  each  transponder  is  capable  of  carrying 
a television  program  in  one  direction,  also  capable  of  carrying 
500  to  1000  telephone  channels  in  one  direction  and  a much  larger 
number  of  narrow  band  data  channels.  So  there  is  real  question 
as  to  whether  all  of  these  would  provide  economically  viable  sys- 
tems . 


So  the  staff  recommended  some  groupings  of  systems  that 
could  result  in  the  establishment  of  possibly  three  systems.  The 
FCC  Common  Carrier  Bureau  suggested  that  their  proposal  would  per- 
mit each  applicant  to  use  the  satellite  technology  of  its  choice 
without  having  to  invest  in  a complete  system,  while  at  the  same 
time  each  participant  would  be  free  to  design  its  system  to  attract 
customers  and  to  devise  new  services  and  rates. 
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The  staff  further  concluded  that  each  participant  could  use 
its  share  of  the  facilities  in  whatever  manner  it  desired  to  de- 
velop services  and  rates  and  so  on. 


The  Bureau  also  recommended  the  imposition  of  a number  of 
restrictions  on  the  various  systems.  First,  wich  respect  to  AT&T, 
because  of  its  strong  position  in  the  market  for  communications  ser- 
vices, the  Bureau  proposed  that  AT&T  be  limited  at  least  in  the 
early  years  to  the  use  of  satellites  only  for  non-competitive  ser- 
vices such  as  the  interstate  message  toll  traffic  and  Wide  Area 
Telephone  Service. 

The  FCC,  if  it  adopts  the  Bureau's  recommendations,  would 
also  require  AT&T  to  show  that  leasing  facilities  from  Comsat  was 
not  more  costly  than  owning  its  own  facilities. 

* 

With  respect  to  Comsat,  the  Bureau  would  require  it  to  choose 
between  owning  and  operating  a space  segment  for  AT&T  or  owning  and 
operating  satellite  facilities  for  furnishing  service  to  others 
than  AT&T.  The  Bureau  said  that  Comsat  should  not  be  in  the  dual 
position  of  providing  service  to  AT&T  and  also  providing  service  in 
competition  with  AT&T. 

The  Bureau  recommended  that  satellite  equipment  suppliers 
who  have  filed  applications  would  be  required  to  establish  a sep- 
arate corporate  subsidiary;  to  provide  communication  service  and 
they  also  recommended  thatj  whatever  services  are  established  the 
opportunity  be  provided  for  users  to  own  their  own  ground  stations. 

These  recommendations  have  been  considered  and  a large  num- 
ber of  filings  were  submitted  prior  to  the  19th  of  April.  One  of 
the  difficulties  we  are  in  here  is  that  we  had  to  prepare  some  of 
those  talks  before  the  19th  of  April  and  certainly  before  the  1st 
of  May  for  inclusion  in  the  conference  record  and  so  we're  somewhat 
caught  up  by  the  march  of  events. 


A point  that  the  Bureau  made  in  its  recommendations  as  pub- 
lished was  that,  and  I will  quote  this:  "Domestic£satellite  sys- 

tem licensees  should  not  be  required  by  the  Commission,  as  a matter 
'©f^policy,  to  furnish,  free  or  reduced  rate  service  to  public  broad- 
casting or  other  eductional  users,  — " . 

It^^urther  stated  "that  while  the  Commission  may  prescribe 
such  preferential  rate  treatment,  it  lacked  sufficient  information 
to  initiate  any'  such  rate  requirement  at  this  time." 

The  Commission  ip.  requesting  comments  and  setting  the  date 
for.  oral  argument  before  the  ComnissiorL  on^  the  Bureau's  recommen- 
dations, asJeSd  the  several  parties  to  treat  particularly  the  fol- 
lowing^s^ue  s . 


First  --  Whether  the  Commission  should  adopt  a policy  of 
limited  open  entry,  which  is  what  the  Bureau  in  effect  proposes, 
or,  in  the  alternative,  a policy  of  unrestricted  entry. 
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Second  --  Whether  the  Commission  should  require  Comsat  to 
elect  between  owning  and  operating  a space  segment  dedicated  to  the 
use  of  AT&T  or  owning  and  operating  satellite  facilities  for  the 
purpose  of  furnishing  services  to  others  besides  AT&T. 

Third  — Whether-  AT&T  should  be  limited  in  its  use  of  satel- 
lite facilities  to  just  providing  its  non-competitive  services. 

Finally  --  Whether  the  Commission,  as  a matter  of  policy, 
should  require  licensees  of  satellite  facilities  to  provide  free 
service  to  educational  entities. 

The  gist  of  the  written  and  oral  responses  to  these  questions 
seems  to  be  the  concept  of  combinations;  that  is,  limited  open  en- 
try proposed  by  the  staff  will  not  fly  and  rumors  have  it  that  the 
Commission  will  probably  adopt  some  policy  such  as-  that  recommended 
by  .the  Office  of  Telecommunications  Policy,  which  would  provide 
open  competition  between  the  several  applicants. 

The  interests  in  domestic  satellite  services  for  CATV  may 
not  be  necessarily  serviced  by  a wide-open  field  immediately  be- 
cause there  will  be  a large  number  of  problems  to  be  solved.  Since 
the  stakes  are  high  and  the  potential  for  losses  from  misjudgment 
will  be  very  substantial,  services  that  CATV  systems  can  afford  can 
only  be  provided  as  a small  part  of  a much  larger  system  serving  a 
wide  variety  of  telecommunications  customers.  With  the  exception 
of  the  systems  proposed  by  AT&T-Comsat  and  the  portion  of  the  Hughes 
proposal  that  would  serve  GT6£,  no  one  of  these  applicants  has  any. 
assured  market  for  its  services  and  most  of  them  are  aiming  at  a 
future  somewhat  nebulous  market  for  specialized  communications  ser- 
vices. These  services  are  primarily  services  for  business  data 
transmission  and  getting  a commitment  to  handle  the  programs  of 
the  three  commercial  TV  networks  and  promoting  a wide  range  of 
other  private  line  services. 

~,The  Commission,  in  addition,  has  recently  authorized  a num- 
ber of  specialized  common  carriers  to  build  several  wide-ranging 
networks  of  microwave  stations  whose  owners  are  proposing %to  serve 
the  same  general  markets.  Some  of  us  with  a good  deal  of  experi- 
ence in  the  communications  field  believe  that  these  markets  have 
been  overestimated.  -I  personally  believe  that  inadequate  attention 
has  been  given  to  the  critical  prqblem-of local  interconnection 
arrangements  which  tie  these  interesting  long-haul  microwave  sys- 
tems, whether  they  are  specialized  carrier  microwave  systems  or 
satellite  systems,  to  the  desks  or  the  communications  terminals 
of  their  ultimate  users,  and  it's  going  to  take  a lot  of  subscribers 
to  pay  a reasonable  return  on  the  hundreds  of  millions  of  dollars 
which  are  going  to  be  required  to  build  the  specialized  microwave 
systems  that  are  now  going  forward  and  to  establish  one  or  more, 
two  or  three  domestic  communications  satellite  systems. 

Communications  satellites  hold  major  promise  for  distribu- 
tion, of  programs  to  CATV  systems.  I think  that  we  can  convince 
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ourselves  that  technically  we  know  how  to  do  it,  economically  we 
know  how  to  do  it,  if  we/ can  get  somebody  to  put  up  the  satellites, 
but,  nevertheless,  there  are  a good  many  unknowns  before  we  are 
going  to  have  a viable  domestic  communications  satellite  system  that 
will  really  serve  our  CATV  needs.  . 


/ 


/ 
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CHAIRMAN  MICHELS: 


DISCUSSION 

v | 

X 

\ 

Thank'-you,  Ralph  Clark. 


We  will  open  the  discussion  upvto  questions  at  the  present 
time.  Do  we  have  anyone  with  any  questions  for  either  of  our 
speakers? 


I would  like  to  point  out  that  the  major  issue  with  regard 
to  satellites  serving  CATV  at  the  present  time,  the  major  issue  is 
how  we  are  going  to  serve  CATV  systems.  Are  we  going\to  serve  them 
with  a conventional  type  of  satellite  system  that  is  presently  being 
used  in  international  service  right  now  whereby  they  are  essentially 
low  power  systems  inter-connected  with  terrestrial  communications 
systems  or  are  we  going  to  arrange  a system  whereby  satellites  will 
transmit  directly  to  head  ends? 


I 


These  are  the  questions  that  the  NCTA  and  the  entire  .cable 
industry  is  pondering  at  the  moment.  \ 

QUESTION:  Mr.  Clark,  I wondered  if  you  could  explain  why 

Fairchild's  system  is  far  more  economical  than  the  others? 


ANSWER:  Because  they  propose  to  put  up  120  transponders 

in  one  satellite. 

QUESTION:  Is  there  any  difference  in  their,  ground  station 

or  anything  else  that  makes  a large  difference? 

ANSWER:  The  difference  they  have  quoted  is  only  in  the 

cost  of  leasing  a transponder.  They  said  if  they  put  up  one  satel- 
lite of  120  transponders  the  cost  would  be  about  $300-some-thousand 
a month  --  a year  to  lease.  If  they  put  up  two  satellites,  that 
would  reduce  the  cost  because  they  would  have  twice  120  transpon- 
ders flying. 

The  cost  of  ground  stations  wouldn't  be  any  different  be- 
cause they  are  in  the  4 and  6 gigahertz  bands  and  the  limitation  - 
on  signal  intensity  on  the  ground  is  a function /of  the  band,  not 
a function  of  the' type  of  transponder. 

QUESTION:  How  would  these  systems  interfere  with  local  com- 

munity programs  or  would  they  be  affected? 

i 

ANSWER:  No,  I wouldn't  think  that  they  would  be  --  local 

community  programs  wouldn't~be  affected  at  . all.  The  ratio  of  net- 
work or  satellite-delivered  programs]  to  local  programs  is  a func- 
tion of  a decision  of  the  cable  operator  rather  than  a function  of  ’ 
the  distribution  system  or  anything  like  that.-  It's  a function  of 
the  cable  operator.  | 

How  the  cab ie-distributed  programs  would  be  judged  under 
the  Commission's  new  rules,  I don't  know.  I don't  know  as  they 
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have  committed  themselves  as  to  what  they  would  call  a satellite- 
delivered  program.  Under  these  new  rules  there  are  certain  restric- 
tions on  the  number  of  programs  that  can  be  carried  and  the  types 
of  programs  that  can  be  carried  in  each  metropolitan  area.  An 
operator  is  required  to  have  a_  substantial  number,  an  equal  number 
of  channels  for  local  program  service. 

QUESTION:  So  it  would  depend  on  the  individual  with  the 

switch? 

ANSWER:  That's  right. 

CHAIRMAN  MICHELS:  I would  presume  that  the  programs  carried 

on  the  satellite  would  be  in  the  category  of  an  extension  of  local 
origination  of  some  sort. 

MR.  CLARK:  I would  think  so. 

CHAIRMAN  MICHELS:  So  that  they  would  essentially  be  closed 

circuit  rather  than  broadcast  channels. 

MR.  CLARK:  Right. 

QUESTION:  There  is  one  question  I have  for  Dr.  Mars  ten. 

On  the  one  hand  ypu  were  discussing  ground  stations  costing  under 
a thousand  dollars  and  in  some  cases  two  or  three  hundred-^  delivering 
high  quality  pictures  and,  on  the  other  hand,  Ralph  Clark  is  talking 
about  ground  stations  costing  hundreds  of  thousands  of  dollars. 

This  is  somewhat  of  an  ambiguity  and  I think  you  might  address  your- 
self to  that. 

ANSWER:  I'll  be  glad  to  do  that.  Ralph's  discussion  cen- 

tering around  the  hundred  thousand  dollar  and  up  station  deals 
with  just  those  stations  operating  in  the  commercial  communications 
satellite  bands  where  the  flux  density  is  limited  and  where,  be- 
cause it's  limited,  you  have  to  have  a station  of  that  size  to  get 
all  of  the  channels  that  are  coming  down  with  adequate  signal  qual- 
ity. 
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The  experiment  that  I described  on  ATS-F  is  designed  to 
work  in  a different  band  altogether,  in  the  2500  to  2690  megahertz 
band  where  there  isn't  a limitation  on  flux  density.  So  we  can 
exchange  power  and  antenna  gain  focusing  capability  in  the  satellite 
for  antenna  gain  and  ground  station  size  and  cpst,  which  is  what 
we've  done. 

Now,  the  cost  that  I referred  to  of  2 to  $300  was  for  the 
design  that  we  developed,  an  experimental,  receive-only  one-channel 
station,  and  that's  a manufacturer's  cost.  I didn't  say  price. 

What  the  manufacturers  willxcharge  to  produce  and  sell  stktions 
that  can  receive  two  or  mor e channels  and  that  have  a talk-back 
capability  which  transmits  upxto,  say,,50  multiplex  voi c/e  channels 
at  once  out  of  a 10  watt  transmitter  back  to  the  satellite  remains 
to  be  seen. 


We  have  some  indications  that  sets  of  that  type  might  go  for 
1200  to  $1500  a shot  emplaced.  That's  still  a lot  lower  than  the 
$100,000  and  up  for  the  commercial  communication  satellite  stations 
but  it' 8 because  of  the  trade  of  power  and  gain  in  the  satellite 
for  station  size  on  the  ground. 

CHAIRMAN  MICHELS:  I'd  like  to  add  the  fact  that  potentially 

the  CATV  industry  may  benefit  from  these  experiments  to  the  extent 
that  ground  stations  in  the  lower-cost  region  could  be  developed 
for  the  frequencies  that  CATV  satellites  might  eventually  use. 

Do  you  agree  with  that? 

DR.  MARSTEN:  Yes,  I think  that's  quite  right.  Having  demon- 

strated that  the  technology  is  there  and  such  stations  can  be  made, 

I think  it's  fairly  clear  that  it  can  be  extended  to  any  frequency 
band  of  interest  to  operators. 

The  CTS' experiment  that  we  are  now  engaged  in  with  Canada 
focuses  on  just  that,  because  the  distribution  of  broadcast  sig- 
nals in  the  11  to  14  gigahertz  region  is  also  at  present  unlimited 
by  flux  density  restrictions  and  can  work  with  small  ground  stations. 
$ 

The  fact  that  you  need  the  FM  anyway  and  the  modulation  con- 
verter in  the  ground  station  would  tend  to  make  these  frequencies 
attractive  for. other  than  educational  purposes,  so  far  as  cable  TV 
is  concerned. 

i 

CHAIRMAN  MICHELS:  Just  one  final  question  from  me.  Do  you 

ever  envision  a time  when,  in  the  foreseeable  future,  these  costs 
will  come  down  lower  than  we  are  looking  at  at  the  moment?  In 
other  words,  even  below  2 or  $300?  Wouldn't  that  open  up  "the  door 
to  direct- to-home  communications? 

ML  MARSTEN:  I guess  it  could,  provided  you  were  willing 

to  receive  a non-standard  signal  and  sustain  all  of  the  additional 
complexities  and  provided  my  friends  over  at  the  FCC  would  allow 
it  at  all. 

The  frequency  bands  in  which  we  are  developing  the  technology 
and  the  frequency  bands  currently  allocated  to  satellite  communica- 
tions aren't  now  intended  for  direct- to-the-home  broadcasting. 

There  is,  as  the  cable  TV  people  know,  a broadcasting  group  that 
indulges  in  direct-to-home  broadcasting  from  terrestrial  stations 
that  would  also  take  a, dim  view  of  this  bypassing  their  local  trans- 
mitters. 

/ 

So  I think  the  question  isn't  just'-'a ^technical  one.  The 
technology  is  always  the  easy  part.  We  can  do  the  gadgets  without 
difficulty;  it's  all  the  other  things.  How  should  they^best  be 
used,  economically  and  for  the  interest  of  the  public?  Tho_se^  are  ^ 
the  things  that  the  experiments  and  the  developments  should  be  , ' 
focusing  on* 


QUESTION:  This  will  be  addressed  to  Dr.  Mars  ten.  After 
this  two-year  lifespan  of  this  --  we  happen  to  be  in  this  area  and 
I'm  real  concerned  about  this  --  what's  going  to  happen  for  ,£he 
backup?  i / 

'\ 

ANSWER:  I guess  all  we  can  go  on  with  a sample  of  zero  of 

this  design  is  the  experience  we\have  with  other  R&D  birds.  The 
ATS-1  satellite  is  still  operating.  We  are  using  it  almost  exclu- 
sively now  for  user  experiments  with  the  National  Ocenaographic 
and  Atmospheric  Administration,  with'REW,  with  the  State  of  Alaska, 
with  Stanford  U.  and  the  State  of  New  Mexico  and  so  on.  It's  in 
year  7 of  its  life  and  it  was  designed  fo^  a life  of  one  year.  It' 
showing  signs  of  age,  to  be  sure*  but  that'^a  remarkable  pot  of 
gravy  to  get  for  a one-year  design. 

ATS-3  is  in  a somewhat  similar  state.  It  was  launched  a 
year  later  and  it's  in  year  5-1/2  or  6 of  its  one-year  design  of 
life. 


We  would  hope,  though,  --  I can't  make  any  guarantees  -- 
that  after  the  second  year  when  we  move  in  back  from  India,  the 
satellite  will  still  be  serviceable  and  we  can  make  it  available 
to  users. 

We  also  have  plans  for  a G which  will  back  up  F and  which 
will  be  launched  about  a year  to  15  months  later. 

QUESTION:  Okay  then,  what's  the  interface?  In  other  words, 

are  you  going  to  go  down  to  composite  video  at  the  receive  loca- 
tion? \ ' 

ANSWER:  I think  that's  up  to  the  user.  What  we  provide 

is  the  technology  and  the  capability.  We  won't  dictate  to  you 
how  to  use  the  satellite  or  what  the  technical  interface  has  to 
be.  If  you  can  provide  at  the  Rosman  station  a signal  that  we 
can  modulate  on  our  carrier  and  transmit,  we'll  take  it.  We  have 
taken  these  from  the  Corporation  for  Public  Broadcasting  and  ex- 
periments with  ATS-1,  we  are  taking  them  in  all  kinds  of  forms 
from  HEW  now  for  health  and  educational  experiments.  So  it's 
pretty  much  up  to  you. 

Really,  here,  the  thing  that's  important  is  to  determine 
what  this  technology  means  to  the  way  you  develop  program  mater- 
ial and  how  that  in  turn  may  or  may  not  affect  your  signal  inter- 
faces. That's  the  effective  use  of  this  stuff. 

QUESTION:  Is  that  umbrella  antenna  going  to  work  when  it 

goes  up? 

ANSWER:  Oh,  yes.  Oh,  yes,  sure. 

i 

QUESTION:  Has  this  been  done  before? 
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ANSWER:  Yes,  yes.  When  I was  a L RCA  we  had  a lG-foot 

deployable  antenna  which  we  contributed  •>-  well,  contributed 
isn't  quite  the  right  word  but  we  developed  for  the  Apollo 

Program  aid  it's  been  used.  It's  an  S-band  antenna  and  works 
fine . 

t 

QUESTION:  I did  arrive  late  so  I hope  I'm  not  asking  a 

question  that  has  been  answered.  The  present  issue  of  Electronic 
Technicians  Magazine  has  an  article  about  Irving  Blonder  discus- 
sing the  Canadian  satellite  system,  which  has  a down  frequency  of 
4 gigahertz,  and  he  comments  in  the  article  that  there  is  rothing 
in  the^present  FCC  regulations  that  would  prevent  reception  and 
use  of  this  signal  on  cable  systems  in  northern  United  States. 

The  beam  width  is  7-1/2  degrees,  which  would  place  a rea- 
sonable signal  over  Montana,  Wyoming,  and  Minnesota. 

Do  you  foresee  the  use  of  this  signal  as  a possibility? 
s The  second  part  of  my  question:  What  is  modulation? 

ANSWER:  Yes,  I guess,  from  a technical  point  of  view, 

there  isn't  a problem  if  you  want  to  invest  in  an  appropriate^'* 
ground  receiver  to  take  it.  VJhat  he's  descrihixig^:i^‘*rmt^the  CTS 
that  I talked  about;  it's  the  Canadian  TelesauT  System,  which  is 
a satellite  of  the  Intelsat  or  ^.-proposed  domestic  satellite  design. 
It  does  operate  in  the^.4  -arid  6 gigahert;:  bands  and  you  can  get 
it  but  I think  you  need  a fairly  elaborate  ground  station  to  get 
it. 


QUESTION:  He  used  a 2 or  $300  price  but  live  never  heard 

of  a 4 gigaHertz  redeiver  from  anybody  at  that  price. 

ANSWER:  I don't  know  of  one  myself.  Re  may  know  some- 

thing I don't,  which  isn't  an  unusual  situation. 


CHAIRMAN  MICHELS:  I think  you've  raised  more  of  a legal 

question  than  a technological  one  anyway. 


with 


MR.  QLARK:  There  would  have  to  be  an  agreement  v/orked  out 

the  Can^lian  Broadcasting  Corporation,  I think. 


CHAIRMAN  MICHELS:  Yes.  You  would  be  transmitting  copy- 

righted material  and  so  one  and  there  would  be  a question  there. 


QUESTION:  Considering  all  the  economic  and  technological 

and  political  uncertainties  that  have  been  mentioned,  would  either 
or  both  of  you  care  to  take'a  crystal  ball  and  look  at  how  these 
distribution  systems  are  going  to  look  in,  say,  10  years  or  even 
20  years? 

MR.  CLARK:  I think  we'll  have  plenty  of  them  in  10  years 

but  how  we  get  from  here  to  there  is  — the  road  isn't  very  clear 
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yet.  I feel  very  confident  that  in  10  years  we'll  have  this  problem 
solved.  We'll  have  a new  set  of  problems.  We'll  have  satellite 
relay  of  programs  to  CATV  systems,  a very  well  integrated  system. 


DR.  MARSTEN:  Dean  Burch,  in  his  testimony  to  the  Senate  of 

last  August,  indicated  that  in  his  view  it's  much  too  early  to 
say  what  form  the  networking  of  CATV^  systems  will  take.  It's  too 
early  because  there  is  so  much  discussion  of  this  wide  variety  of 
services  for  which  there  ipn^t'a  visible  market. 


We  talk  about  education  in  the  home,  we  talk  aboutt£lect>n- 
ferencing,  we  talk  about  automatic  shopping  and  baijkittg^and  all 
the  rest  of  these  interactive  services  and_^£l»ei^have  been  in  fact 
a number  of  studies  d one/ asking  peppler^wfiat  they  would  be  willing 
to  pay,  given  ranges  for  JJ*e"Various  kinds  of  services. 


need  and  haven't  yet  is  live  field  trials  which 
fo-HOw^up  with  offerings  of /subscriber  services  to  the  public  either 
after  they've  had  samples  or  at  the  time  they  are  explosed  to  sam- 
ples, to  see  whether  the  polling  theory  is  matched  by  the  experi- 
mental evidence  of  the  checkbooks.  Until  we  get  that,  we're  not 
even  going  to  know  whether  local  wide  band  systems  in  metropolitan 
areas  are  viable.  Can  they  survive  economically?  What  services 
make  sense  and  what  services  don't?  ' 


Until  we  know  that,  we  are  not  really  going  to  have  a handle 
on  the  operational  channel  capacity  that  this  general  kind  of  sys- 
tem can  support  economically  and,  if  you  don't  have  that  in  local 
areas,  it  seems  to  me  a bit  premature  to  say,  "Let's  configure  a 
satellite  system  for  national  interconnection." 


QUESTION:  Dr.  Marsten,  could  you  elaborate  a little  on  the 

two-way  capabilities  that  you  are  building  iijto  the  ATS-F,  that 
is,  the  uplink  from  the  remote  stations? 


ANSWER:  Sure.  The  ATS-F  has  an  experiment  in  satellite 

tracking  and  data  relay  and,  while  I don't  really  want  to  go  into 
the  details  of  that,  what  it  means  so  far  as  cable  is  concerned  is 
that  there  are  one  or  two  10  megahertz-wide  receiving  channels  in 
the  satellite  that  operate  at  either  2075  or  2265  megahertz.  Now, 
the  HEW-CPB  experiment  envisions  multiplexing  back  out  of  something 
like  10  or  20  watts  transmitting  capability  in  the  small  cheap 
ground  stations  as  many  as  50  equivalent  voice  channels.  Those 
transmitted  up  to  the  satellite  can  be  received  and  then  retrans- 
mitted back  down  on  some  link.  We're  not  [concerned  whether  it's 
the  4 gigaHertz  downlink  or  an  S-band  to  whatever  central  proces- 
sing station  is  indicated. 

Now,  more  than  this  I guess  T can't  say  because  the  actual 
experiment  plan  is  up  to  the  user  and  we  expect  that  the  education 
people,  the  Rocky  Mountain  people,  the  health  people,  together 
with  the  National  Library  of  Medicine  and  the  villages  and  the 
local  health  complexes  and  health  maintenance  organizations  in  the 
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Rocky  Mountain  ar sa  will  develop  their  own  particular  experiment 
plans  for  where  they  want  the  backward,  j down  transmissions  to  come. 

But  we  do  have  these  10  megahertz-wide  capabilities  and  they 
are  being  specified  into  the  small  ground  stations. 

I guess,  to  tie  back  to  a question  of  yours,  Herb,  I ought 
to  say  that  when  you  add  the  capability  for  transmitting  back  up 
into  these  small  ground  stations  and  you  equip  them  to  receive  on 
two  beams  rather  than  one,  the  manufacturing . cost  is  no  longer  a 
couple  of  hundred  dollars,  it  may  be  closer  to  7 or  8 and  you  may 
find  that  the  installed  cost  is  about  1500  bucks  a shot. 

CHAIRMAN  MICHELS:  I have  one  question  here.  When  you  men- 

tion 50  voice  channels,  and  this  question  is  only  in  regard  to  a 
domestic,  within  the  continental  limits  of  the  United  States,  what 
is  the  logic  to  going  to  all  the  trouble  of  putting  a voice  channel 
back  up  on  a satellite  and  back  down  again,  when  you  can  call  from 
New  York  to  Chicago  or  New  York  to  California  for  about  a dollar 
for  three  minutes? 

ANSWER:  I guess,  as  the  HEW  people  see  it,  when  you  are 

conducting  experiments  with  Pueblo  Indian  villages  and  other 
places  like  those,  from  an  educational  center  at,  for  example, 
the  University  of  Colorado,  you  may  not  have  a telephone  circuit 
available  when  you  want  to  get  from  30  or  40  different  classrooms 
in  that  particular  experiment,  real  time,  interactive  educational 
experiments.  That's  the  reason  for  this. 

You  can  apply  the  same  sort  of  thing  to  CAI.  In  fact,  we 
now  have  a primitive  link  between  a Pueblo  village  and  Stanford  U. 
which  is  exploring  the  potential  of  computer-aided  instruction  with 
the  Indians  of  that  region  where  the  native  language  isn’t  English. 

QUESTION:  I have  a technical  question.  I notice  that  you 

use  FM  for  the  video  modulation.  As  you  know,  all  commercial  tele- 
vision is  AM  modulated.  Do  you  convert  to  FM  going  up  to  the  satel- 
lite and  then  back  down  by  FM  and  then  convert  it  back  to  AM  be- 
cause you  get  much  less  noise  problem  with  FM? 

ANSWER:  We  get  two  things  with  FM:  one  is  less  noise 

and  the  other  is  substantial  processing  gain  that  substitutes  for 
real  power.  This  starts  when  you  look  at  what's  required  to  trans- 
mit an  NTSC  signal  down  from  the  satellite.  If  you  were  going  to 
transmit  that  down  in  any  of  these  bands,  you  would  end  up  requiring 
3 to  5 kilowatts  of  RF  power  per  channel  in  this  satellite.  With 
the  FM  I can  do  it  with  15  watts  of  RF  power,  and  satellites  too 
cost  a lot  of  money  so  we  want  to  limit  our  investment. 

QUESTION:  I wonder  if  Dr.  Marsten  can  comment  on  a satel- 

lite which  would  be  a community  broadcast  satellite  suitable  for 
rural  areas  for  augmenting  their  front  end  and  getting  good  ser- 
vice for  a few  hundred  dollars  and  the  same  service,  the  same  pro- 
gram service  would  be  used  for  CATV  for  distribution  in  the  cities. 
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"Hiere  must  be  a very  large  number  of  rural  homes,  percentage  of 
rural  homes  that  have  really  got  bad  service  now  and  this  would 
be  one  method  of  really  fixing  it. 

ANSWER:  I don't  really  know  quite  what  to  say.  Certain- 

ly you  can  do  this.  The  technology  is  here.  Some  of  the  things 
that  will  be  demonstrated  in  the  ATS-F  experiment  will  indeed  show 
that  you  get  this  kind  of  community  service  with  high  quality  sig- 
nals into  the  rural  areas.  If  you  can  do  this  in  the  rural  areas, 
there  is  no  reason  at  all  why  you  can't  do  it  in  the  cities.  The 
same  sort  of  receiver  with  the  satellite  capability  to  transmit 
to  it  at  the  same  time  will  serve  the  purpose.  Nov;  it's  just  a 
question  -of  what  you  build  into  the  satellite. 

Fairchi'ld  Industries,  in  their  domestic  filing,  has  pro- 
posed one  version  of  this  and  many  other  people  intheir  literature 
have  proposed  others. j The  futuristic  look  thatll  showed  at  the 
end  of  ,what  we  call  the  ATS-H  and  -I  is  an  experimental  approach 
to  just  that  kind  of  thing. 

QUESTION:  My  question  would  be  to  Dr.  Marsten  and  to  Mr. 

Clark.  It  is  about  alworldwide  TV  coverage.  First  I would  like 
to  know  if  there  is  a I European  satellite  and  also  if  there  is  a 
plan  for  something  foie  Asia  or  maybe  even  more  difficult,  Africa? 

Secondly,  I would  like  to  know  if  there  is  a status  agree- 
ment on  sharing  a satellite  between  the  foreign  countries?  The  re 
is  one  in  Canada  but  is  there  one  about  Europe  and  the  Europt  an 
countries? 

Also,  I would  like  to  know  the  future  of  worldwide  TV*  from 
different  countries  as  we  do  now  with  shortwave,  with  one'  video 
channel  from  some  of  the  main  countries  and  broadcasting  in  dif- 
ferent languages  that  we  could  choose  from? 

CHAIRMAN  MICHELS:  Those  are  very  interesting  question's. 

We'll  try  our  best  to  answer  them  quickly  but  we  don't  have  much 
time  left  and  I'm  sure  we  could  devote  a whole  program  to  them. 

QUESTION:  I'd  like  to  add  one  point.  I know  that  there  was 

a tentative  agreement  between  Quebec  Province  and  France  on  some 
sharing,  that  kind  of  future  broadcasting. 

CHAIRMAN  MICHELS:  Ralph,  would  you  like  to  address  your- 

self to  that? 

MR.  CLARK:  Yes.  There  is  international  relay  of  televi- 

sion now  through  the  Intelsat  satellite  system.  There  is  a plan 
under  way  fpr  the  so-called  Symphony  System,  which  is  a European 
regidnal  system,  which  is,  I might  say,  kind  of  limping  along  be- 
cause the  question  of  how  it  is  going  to  be  launched  and  how  soon 
it ' 8 going  to  be  ready  is  still  uncertain. 

I'm  not  sure  I recall  the  other  aspects  of  the  question. 


CHAIRMAN  MICHELS:  I would  like  to  point  out  to  the  person 

asking  the  question  that  this  panel  is  mainly  dedicated  to  the  en- 
gineering aspects  of  satellites  and  the  question  you  raise  is  more 
of  an  administrative  question. 

QUESTION:  Along  the  line  of  what  you  infer;  I would  like 

to  know  what  are  your  opinions  about  the  near  future  of  worldwide 
TV  receiving  ability? 

ANSWER:  There  is  no  plan  for  direct  broadcasting  to  home, 

receivers.  Now,  there  are  these  experiments  that  Dr.  Marsten  de- 
scribed, the  Indian  experiment,-  and  so  on. 

QUESTION:  I am  not  aiming  especially  at  home  receivers, 

but  I am  aiming  expecially  between  different  countries. 

ANSWER:  There  is  the  relay  through  Intelsat  almost  every 

day.  We  see  television  programs  that  have  been  relayed  from  some- 
where overseas,  from  Viet  Nam,  from  Jap;  from  Korea,  and  so  on. 

QUESTION:  I think  now  the  drawback  is  that  there  are  not 

enough  communications  satellites  yet  and  the  price  is  not  -- 

CHAIRMAN  MICHELS:  I don't  mean  to  interrupt  your  question, 

but,  really,  this  question  is  addressed  to  the  wrong  group.  We 
are  primarily  concerned  with  the  technical  aspects  and  not  these 
other  aspects  that  you  are  discussing.  There  is  another  satellite 
meeting  at  the  Convention  that  will  discuss  these  other  features, 
the  full  access  to  the  satellites  and  other  things  of  that  nature. 

Are  there  any  other  questions?  We're  rather  short  of  time. 
We  have  room  for  one  more,  if  there  were. 

Thank  you  very  much,  ladies  and  gentlemen,  for  coming  and 
the  meeting  is  now  adjourned. 


7 


43 


. HIGHLIGHTS 
TECHNICAL  SESSION 

BLUE  SKY  TO  CASH  FLOW 


Chairman 

Hubert  J.  Schlafly 
TelePrompTer  Corp. 
New  York,  New  York 


Dr.  Peter  C.  Goldmark 
Goldmark  Communications  Corp. 
Stamford,  Connecticut 

r 

John  J.  O'Neill 
The  MITRE  Corp. 

McLean,  Virginia 

John  Ward 

Electronics  Systems  Lab.,  MIT 
Cambridge,  Massachusetts 

Robert  Behringer 
Theta-Com  Corp. 

Los  Angeles,  California 


1.  "National  Cable  Systems"  - Dr.  Peter  C.  Goldmark 

A possible  nationwide  communications  network  was 
discussed  which  would  link  cable  television  systems 
together  by  means  of  a domestic  satellite.  Many  services 
could  be  made  available  to  the  public  in  any  area  of  the 
United  States  which  presently  are  available  only  to  people 
in  metropolitan  centers. 

In  order  to  meet  the  urgent  problems  of  the  city 
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(crime,  pollution,  health,  etc.)  , it  is  essential  that 
significant  portions  of  the  population,  in  the  order  of 
100  million  Americans,  must  be  encouraged  to  stay  or  move 
to  rural  areas  to  achieve  a more  uniform  population  density 
(At  present,  urban  centers  account  for  80  percent  of  the 
population  and  10  percent  of  the  land.) 

To  provide  this  encouragement,  rural  living^  must 
provide  employment,  health  services,  and  social  cultural 
and  recreational  facilities.  Some  of  these  conditions  can 
come  about  through  the  application  of  communications  tech- 
nology in  rural  America. 

A domestic  satellite  system  can  provide/the  means  of 
interconnection  among  cable  television  systems  and  among 
broadcast  stations  to  provide  these  services.  The  ser- 
vices would  be  available  in  the  home  and  also  on ‘large 
video  screens  in  specially  adapted  theaters. 

In  order  to  have  an  acceptable  picture  on  large 
screens,  the  quality  of  color  television  must  be  improved 
by  adopting  new  standards.  The  Goldmark  Communications 
Corporation  is  working  on  the  design  and  formulation  of 
such  standards.  The  resulting  signal  will  be  superior  in 
resolution  and  color  fidelity  to  existing  systems  in  both 
the  United  States  and  Europe.  Receiver  manufacturers 
would  be  encouraged  to  adopt  a dual  standard  that  could 
accommodate  the  existing  or  new  standards. 

Question;  . How  can  the  many  diverse  cable  operators  be 
coalesced  into  a single  national  cable  system? 

Answer:  The  satellite  system  will  beam  the  signal  across 

the  country..  Any  cable  operator  or  television  station 
with  a suitable  receive  earth  station  could  pick  it  up. 

Question;  Will  new  color  standards  make  existing  tele- 
vision receivers  out  of  date? 

Answer;  No,  because  the  improved  standards  will  be  an 
additional  service.  The  existing  home  sets  could  still 
receive  the  present  service.  Also,  of  course,  programs 
viewed  on  video  screens  in  a theater  could  be  viewed 
by  anyone. 
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"CATV’s  Critical  Mass  Problem"  - John  J.  O'Neill 


Some  of  the  cable  television  fundamentals  recognized 
by  businessmen  and  bankers  are  (1)  Urban  dwellers  already 
receive  good  quality  television  pictures  and  have  access 
to  cultural  and  entertainment  events  (2)  An  aggregate  set 
of  services  that  will  assure  adequate  penetration  has  not 
been  defined  and  ,(3)  High  initial  capital  investment  is 
needed. 

Whether  subscriber  fees  or  advertising  eventually 
becomes  the  prime  financial  support,  the  key  to  an 
economically  viable  cable  system  is  high  saturation. 

Initial  systems  should  be  designed  to  encourage  the  sub- 
scriber growth  rate,  even  though  the  return  on  invest- 
ment may  be  relatively  low  in  the  early  years. 

In  rural  areas,  where  television  picture  quality 
is  marginal  a'nd  nearby  cultural  and  entertainment  oppor- 
tunities are  limited,  the  penetration  may  not  be  very 
sensitive  to  the  monthly  subscriber  fee  over  the  range  of 
$3  to  $8.;  In  urban  areas,  the  penetration  will  be  very 
directly  influenced  by  the  subscriber  fee.  One  example 
cited  from  a study  by  Howard  University  in  Washington, 

D.C.,  was  an  estimate  of  final  penetration  of  40  percent 
with  a.  subscriber  fee  of  $10  and  a final  penetration  of 
70  percent  with  a subscriber  fee  of  $5.  The  temptation 
to  seek  rate  increases  in  the  early  years  should  be  x 
^resisted,  as  .such  increases  would  slow  the  growth  and  the 
eventual  penetration. 

When  caible.  systems  are  installed  in  urban  centers , 
service  provided  should  serve  all  residents  of  the  city: 
the. jnunicpa  1 government,  schools,  businesses  and  house- 
holds. Such,  services,  especially  ones  involving  point- 
to-point,  would  quickly  fill  up  a single  cable,  or  even 
two  cables.  Therefore,  point-to-point  cable  networks  should 
be  overlaid  in  a grid-like  fashion  on  .the  conventional 
cable  distribution  plant  With  interconnection  capability. 
Such  point-to-point  cable  grids  can  be  installed  at  low 
incremental  cost  at  the  same  time  as  the  conventional 
system;  the  electronic^  can  be'  installed  at  a later  date 
as  the  application  becomes  definite. 

Cost  support  of  programming  for  multiple  channels 
should  come”  from  the  revenue  of  operating  the  system. 
Approximately,  one-fourth  of ' the  total  revenue  should  be 
ploughed  back  for  programming  purposes . 


Question:  Is  the  point-to-point  network  competitive  with 

the  Telephone  Company? 

Answer : Yes,  in  a limited  way.  Interconnection  among 

systems,  as  presently  planned  is  by  a manual  patch 
which  doesn't  lend  itself  to  random  interconnection  of 
large  numbers  of  subscribers. 

Question:  If  cable  were  used  to  relay  sensing  and  control 

of  large  power  grids,  what  advantage  does  that  have  over 
clock  timed  systems? 

. . f. 

k 1 

Answer:  The  times  peak  loads  occur  are  not  entirely 

predictable. 

\ 

\ o # 

•Question : With  the  sophisticated  technology  available 

in  cable  systems,  what  protection  doe’s  the  average  person 
have  against  have  against^  cable  acting  as  big  brother? 

•? 

Answer:  You  have  to  pay  for  security.  The  most  secure 

method  of  transmission  is  cryptography,  which  is  also' 
the  most  expensive.  In  the  larger  view,  cable  appears 
to  offer  more  services  at  reduced  price  to  the  average 
person,  and  big  brotherism  is  not  expected  to  be  a factor. 

3.  "What  Belongs  on  the  cable"  - John  Ward 


There  is  a danger  that  the  public  will  be  over- 
sold on  the  applications  and  services  of  cable  televi- 
sion. It  is  important  to  recognize: 


\ 

What  services  are  beneficial  and  practical  for 
cable?  \ / 1 


What  services  are  not  practical  for  cable? 


After  dererminincj  these  answers,  find  out  what  ser- 
vices will  be  accepted_  and'  used  by  the  ^public. 

' I < - 

The  bandwidth  capacity  of  cable  television  is  300 
MHz  as  compared  to  4 KHz  for  a telephone  line  into  the 
home,  a bandwidth  ratio  of  -75,000  to  1.  However,  this- 
is  deceptive  in  that  frequency  multiplexing  is  compli- 
cated and  has  its  • limiiations . 


In  the  tr'ee  configuration  of.  a cable  network,  the 
trunk  is  the  bottleneck'!..  Given  this  limitation,  the 
services  provided  should,  be  for  the  public  at  large . 


Separate  point-to-point  networks  should  be  established  • 
for  special  purposes.  ''  * 

Cable  should  be  thought  of  as  a gigantic  party  line . 
A singleT~4  MHz  channel  can.dp.ve  4000  teleprinters  simu- 
taneously . The  TICCIT  system  of  addressed  frame  video  • 
can  transmit" 216, 000  different  picture  frames  per  hour. 

A tree  structured  cable  system  is  insufficient 
to  support  large  numbers  of  two-way  video  conversa- 
tions. For  that,  a switched,  hub  structured  cable  plant 
would  be  needed.  However,  the  tree  structure  permits 
the  placing  of  all  subscribers  on  one  or  more  large, 
broadband  party  lines  on  which  addressed,  time-division- 
multiplex  messages  can  be  transmitted  at  very  high  rates. 
This  clearly  represents  a new  dimension  in  communications 
capability.  The  main  problem  is:  What  services  can 

be  made  to  pay  for  themselves?  . 

To  determine  the  economic  viability  and  the  audi- 
ence acceptance,  two-way  systems  and  interactive  ser- 
vices may  have  to  be  subsidized.  Large  scale  experi- 
ments, conducted  for  a substantial  period  of  time  will 
be  necessary  to  shed  some  light  on  these  different 
questions.  , 

4 . "Blue  Sky  To  Cash  Flow  - Market  Study11  - Robert 

Behringer 

/ 

In  studying  the  economics  of  cable  television, 
our  approach  was  to  reduce  complex  systems  to  basic  par- 
ameters leading  toward  valid  predictions  of  cash  flow. 

t 

The  interface  with  the  ultimate  consumer  is  where 
the  market  is  conclusively  established.  .This  means  an 
interactive  home  terminal  for  the  broadband  communica- 
tions network.  This  is  the  crucial  link  for  the  sub- 
scriber to  participate  in  the  programming  and  services 
offered  in  the  next  decade. 

In  the  last  70  years,  we  have  consistantly  under- 
• estimated  the  growth  potential-  of  major  industires.  The 
same  could  happen 'to  cable  television.  The  cable  net- 
work with  interactive  home  terminals . will  bring  essen- 
tially the  same  services  and  information  to  the  sub- 
scriber that  he  now  has  available  but  faster  and  in  a 
more  convenient  way. 
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There  is  only  one  way  to  properly  evaluate  the  mar- 
ket potential,  which- is  what  Theta -Com  is  doing  in  El 
Segundo,  Californici  - install  a broadband  communications 
system,  or  convert  an  existing  system  to  two-way  oper- 
ation; install  the  interactive  home  terminals  on  a 
complete  saturation  basis;  furnish  as  many  good  ser- 
vices as  you  can  and  market  them;  analyze  and  project  the 
results  to  coveTr^ptlj^  markets. 

In  extrapolating  this  test  data,  be  aware  that  the 
process  of  changing  behavior  is  gradual.  Habits  of  a 
lifetime  will  not  be  quickly  changed. 

Services,  entertainment  and  marketing  should  be 
handled  by  a separate  organization  rather  than  the  / 
company  operating  the  cable.  The  reason  for  this  is 
the  specialized  nature  of  the  marketing  effort,  required. 

\ / 

Ques tion : If  a/set-top  converter  is  necessary,  will  the 
cable  ^•company  supply  it? 


Answer;  It  will  be  supplied  as  part  of  the  monthly 
rental.  As  with  the  Telephone  Company,  you  don't  buy 
the  instrument;  you  buy  the  services. 


Converters  will  eventually  be  built  into  receivers, 
though,  because  there  are  approximately  70  million  exist- 
ing receivers  . Replacements  with  converters  will  not  reach 
significant  members  for  many  years. 

Question;  Remote  shopping  sounds  optimistic.  Is  the 
television  resolution  and  color  adequate?  Isn't  self- 
service  in  stores  a growing  trend? 


Answer;  Most  television  shows  have  advertisers  who 
apparently  believe  that  their  products  are  sold  by  the 
commercial's.  In  fact,  in  selling  by  cable,  there  is  a 
hazard  of  too  much  ( impulse  buying  because  the  mechanics 
of  the  purchase  will  be  so  easy.- 


Question:  If  the  only  way  to  get  past  the  test  phase  is 

for  a company  to  take  a gamble  on  a large  investment, 
are  there  such  companies  willing  to  take  the  gamble? 


Answer : 


I know  of  at  least  six  such  companies. 


Question ; If  revenue  comes  to  the  company  who  is  selling 
a product  by  using  cable  television,  shouldn't  the  subscrib- 
er fee  be  reduced  accordingly? 


/. 
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Answer;  Probably  so,  eventually.  It  should  be  realized 
that  the  new  skills  and  systems  that  must  be  established 
in  stores  which  sell  by  cable  will  be  extensive  and  will 
be  costly  to  the  stores  in  the  start-up  phase. 
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COMMUNICATIONS  FOR  IMPROVED  QUALITY  OF  LIFE 


Dr.  Peter  C.  Goldmark 
Goldmark  Communications  Corp. 
Stamford,  Connecticut 


Early  in  1970,  the  Department  of  Housing  and  Urban 
Development,  the  Federal  Communications  Commission,  the 
Department  of  Transportation  and  the  Departments  of  Com- 
merce and  Justice  joined  to  fund  a study  at  the  National 
Academy  of  Engineering  to  explore  the  applications  of 
Communications  Technology  for  improved  urban  functions 
and  for  the  creation  of  a better  rural  life. 

The  Academy’s  Committee  on  Telecommunications  en- 
trusted this  task  to  the  Panel  on  Urban  Communications 
which  I chaired. 

We  have  separated  our  tasks  into  a number  of  sub- 
panels: telecommunications  applied  to  Administration  and 

Emergency  Services  - to  Crime  Prevention  - to  Education, 
Recreation  and  Cultural  Pursuits  - to  Environmental  Fac- 
tors, and  finally  a program  called  "The  Cities  of  the 
Future".  The  members,  advisors  and  resource  persons 
serving  on  our  panel,  represented  the  country's  top  tal- 
ent in  the  field  of  Communications  Technology.  The 
fruits  of  our  labors  are  contained  in  the  National  Acad- 
emy of  Engineering's  special  report  of  June,  1971  in 
which  we  proposed  some  19  pilot  projects  for  our  federal 
sponsors. 

One  of  these  proposals,  based  on  our  Panel's  "cities 
of  the  Future"  study,-  is  now  sponsored  by  the  Department 
of  Housing  and  Urban  Development  under  contract  to  Fair- 
field  University.  The  project,  called  " The  New  Rural 
Society",  is  now  in  its  third  month  of  operation. 

^.--"Our  study  is  founded  on  the  thesis  that  within  the 
last  century  and  a half,  science  and  technology  have  un- 
wittingly caused  an  ever  increasing  rate  of  change  in 
all  aspects  of  our  lives,  including  growth  of  population 
and  the  depletion  of  our  environmental  resources.  There 
is  a steadily  growing  crisis,  originating  in  our  tightly 
packed  metropolitan  centers , where  80%  of  our  population 
live  on  less  than  10%  of  our  land.  Thus  the  problems  of 
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the  large  city  are  the  problems  of  the  nation  and  the  con- 
tinuing increase  of  crime  and  pollution  together  with,  the 
social,  health  and  educational  problems  inexorably  tend 
to  move  us  towards  a catastrophic  collapse.  The  irrever- 
sible exhaustion  of  our  environmental  resources,  which 
include  some  of  our  minerals,  fossil  fuel,  waters,  animal 
life,  etc.  is  closely  linked  with  the  stark  imbalance  of 
the  population  distribution.  When  adding  the  resultant 
stress  and  strain  in  human  life,  it  becomes  essential  that 
science  and  technology  embark  immediately  on  the  task 
of  improving  significantly  the  quality  of  life  and  to  do 
this  within  the  shortest  possible  time. 

The  New  Rural  Society  calls  for  giving  Americans  a 
choice  whether  to  live  and  work  in  an  urban  or  in  a coun- 
try environment.  As  of  now  such  an  option  is  not  avail- 
able and  our  plan  must  m a k e~- it— a t tracbiVe  ^fcif ~ 1 00 ~mi llio n ~ 
Americans  in  the  next  25  years  to  remain  in  or  move  to 
rural  areas.  The  so-called  "new  towns"  will  not  accomplish 
this.  They  tend  to  be  built  too  close  to  metropolitan 
centers’  - besides,  to  absorb  100  million  people  by  the 
end  of  this  century,  a new  town  would  have  to  be  com- 
pleted every  third  day.  . - 

We  have  designed  a model  based  on  3,000  existing 
communities  ranging  ir  population  from  5,000  to  100,000 
people  where  imaginative  planning  and  a controlled  rate 
of  growth  could  create  superior  living  conditions  for 
about  one  third  of  the  U.S.  population.  In  order  for 
the  plan  to  succeed,  we  must  provide  in  these  3,000 
communities  adequate  employment,  better  educational  and 
health  services,  and  in  particular  social,  cultural  and 

entertainment  opportunities. 

* . 

In  each  of  these  areas  we  have  found  that  Communi- 
cations Technology,  imaginatively  applied,  can  make  a 
decisive  contribution.  Thus,  one  part  of  our  study  deals 
with  business  communication  systems  to  induce  companies 
to  decentralize  their  operations  into  truly  rural  towns 
rather  than  into  suburbs.  The  objective  is  to  eliminate 
commuting  and  make  it  possible  for  the  majority  of  Amer- 
icans to  walk  or  bicycle  to  work. 

Our  study  also  concerns  itself  with  the  application 
of  Communications  Technology  towards  improved  health  care 
and  education  in  rural  America.  Today,  I would  like  to 
elaborate  on  the  cultural  and  recreational  needs  of  the 
New  Rural  Society. 
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Today  our  largest  metropolitan  centers  offer  many 
cultural  and  entertainment  opportunities,  which  are  avail- 
able to  only  a few  but  could  become  a crucial  requirement 
for  many,  if  we  as  a nation  are  to  establish  ‘a  more  uni- 
form distribution  of  population. 

We  have  the  technology  to  design  communication  systems 
so  that  the  citizens  of  the  New  Rural  Society  can  see 
and  hear  plays,  operas,  concerts,  museum  tours,  lectures 
presently  available  to  the  relatively  small  and  select 
audiences  in  the  large  urban  centers.  Several  of  the 
communication  satellite  systems,  now  propsed  to  the  Federal 
Communications  Commission,  will  be  capable  of  broadcast- 
ing to  ground  receiving  installations  live  programs  from 
Broadway,  the  Metropolitan  Opera,  Philharmonic  Hall,  mu- 
seums, etc. 

Many  hundred  or  even  thousands  of  receiving  ground 
terminals  can  be  provided  near  the  towns,  which  will  grow 
to  become  part  of  the  new  rural  development  plan. 


These  live  event  programs  together  with  over-the- 
air  TV  broadcasts  and  special  cable  TV  originations  could 
provide  hundreds  of  millions  of  Americans  with  an  enormous 
choice  of  entertainment  and  cultural  enrichment,  hereto- 
fore unattainable.  In  order  to  provide  this  service 
for  the  New  Rural  Society,  a well  planned  national 
cable  TV  system  of  the  highest  capacity  and  technical 
performance  is  essential.  Fortunately,  all  this  is  be- 
coming a reality,  but  what  is  still  missing,  are  the  sat- 
ellite communication  links  which  will  deliver  to  every 
town  and  every  cable  TV  system  in  America  all  the  impor- 
tant art,  entertainment  and  cultural  offerings  of  the 
nation.  / 

Under  the  New  Rural  Society  plan  the  majority  of  the 
3,000  or  so  communities  which  are  to  attract  people  from 
the  large  urban  centers,  v^>uld  have  'large  TV  projection 
screens  installed  in  existing  and  new  theaters,  thereby 
creating  a cultural  and  entertainment  center  for  the  com- 
munity. Most  of  the' live  performances  will  take  place  in  . 
theaters,  operas,  auditoriums,  etc.  where  the  current 
commercial  TV  standards  would  no  longer  give  satisfactory 
rendition.  Also,  the  presentation  on  large  theater  screens 
will  make  it  necessary  to  introduce  new  high  resolution 
color  TV  standards  suitable  for  this  new  service.  The 
improved  color  TV  standards  would  go  beyond  the  European 
625  line  service  and  be  suitable  also  for  transmission 

53 


O 

ERIC 


53 


...j 


ft 

over  the  new  cable  TV  systems.  It  is  the  intention  of 
our  organization  to  develop  such  a system  and  to  work  with 
receiver  manufacturers  towards  creating  new  dual  standard 
color  receivers  specially  adapted  to  the  cable  service. 

It  is  logical  to  assume  that  in  a given  community  it  will 
be  the  cable  TV  operator  who  will  also  make  the  high  re- 
solution satellite  transmission  available  both  for  large 
screen  projection  in  theaters  and  for  the  cable  TV  sub- 
scribers . 
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CATV'S  CRITICAL  MASS  PROBLEM 


J.  J.  O'Neill 
The  MITRE  Corporation 
McLean,  Virginia 


PROMISES  AND  PERILS 

The  introduction  of  cable  systems  into  the  nation's  urban  centers 
presents  almost  equal  measures  of  promise  and  peril  to  potential 
builders  of  such  systems.  The  opportunities  and  needs  of  urban  cen- 
ters present  a direct  and  welcomed  challenge  to  cable  system  advocates 

/ 

almost  everywhere.  Communications,  in  general,  and  cable,  in  partic- 
ular, have  long  been  heralded  as  the  means  toward  such  broad  and 
laudable  goals  as  better  understanding  among  citizens  and  improved 
urban  living.  The  magic  of  words  like  "interactive"  and  "two-way" 
simply  quickens  the  excitement;  almost  by  their  very  mention  alone. 

However,,  businessmen  and  bankers  quickly  note  fundamentals. 

(1)  Urban  dwellers  already  have  an  abundance  of  clear  TV 
pictures.  In  addition,  they  may  have  a significant 
number  of  attractive 'cultural  and  entertainment 
alternatives  readily  available. 

(2)  No  one  has  identified  an  aggregated  set  of  services 
that  will  insure  adequate  system  penetration. 

(3)  A basic  cable  distribution  plant  must  be  laid  in 
each  major  urban  center  and  this  represents  a 
major  initial  capital  expenditure.  The  need  for 
set-top  converters  in  virtually  every  urban  house- 
hold does  nothing  but  increase  this  expenditure. 

The  degree  of  peril  is  clearly  indicated  by  the  interest  rates 
currently  charged  for  borrowed  capital.  / 


/ 
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Financially  the  cable  industry  .has  evolved  much  as  the  telephone 
industry;  that  is,  subscriber  fees  have  formed  the  financial  structure. 
If  one  assumes  the  cable  industry  is  more  like  the  broadcasting 
industry  - that  is,  advertising  revenues  instead  of  subscriber  fees 
will  eventually  support  the  capital  structure  - it  is  clear  that 
almost  total  penetration  will  become  mandatory.  What  advertiser 
wants  to  talk  to  less  than  50%  of  an  urban  market  when  he  can  reach 
an  entire  region  via  radio  or  TV  broadcasting  or  newspapers? 

In  either  case  the  key  to  cable  may  be  simply  stated  by  one 
word  - SUBSCRIBERS  and  the  goal  line  is  clearly  marked  - SATURATION. 
PUNNING  CRITERION 

Starting  with  the  positive  premise  that  cable  will  eventually 
be  as  ubiquitous  as  the  telephone  and  the  electric,  gas  and  water 
utilities,  and  that  the  benefits  of  total  penetration  are  desirable, 
one  criterion  might  be  applied  to  all  system  planning  decisions;  viz, 
"MAKE  THE  DECISION  THAT  WILL  ACCELERATE  THE  SUBSCRIBER  GROWTH  RATE 
WHILE  STILL  GUARANTEEING  ECONOMIC  VIABILITY". 

This  "motherhood"  criterion  may  appear  to  be  obvious;  its  appli- 
cation may  not  be.  The  following  are  examples  of  this  criterion 
applied  to  a few  of  the  basic  system  parameters  of  urban  cable  systems 
PENETRATION 

In  rural  areas  where  over-the-air  TV  reception  is  poor  and  ! 
nearby  cultural  and  entertainment  opportunities  are  nil,  it  has  been 
said  that  monthly  subscriber  fees  anywhere  in  the  range  of  $3  to  $8 
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will  result  in  about  the  same  number  of  subscribers.  Over  the  last 
few  months  articles,  apparently  based  on  this  premise,  have  been 
advising  operators  not  to  be  timid  about  requesting  rate  increases. 
This  advice  may  not  apply  in  urban  areas  where  people  have  many 
alternatives  to  cable--such  as  a pair  of  rabbit  ears. 

, , One  particular  urban  survey  was  specifically  designed  to  deter- 
mine the  incremental  demand  for  different  types  of  services  and  pro- 
gramming as  a function  of  the  subscriber  fees  charged.  It  was  con- 
ducted by  Howard  University  in  Washington,  D.C.  for  The  MITRE 

Corporation.  The  results  were  applied  to  a.  cable  system  design  for 

2 •' 

Washington,  D.C.  Figure  1 shows  the  main  results  of  the  Howard 

survey;  namely,  the  final  penetration  is  very  much  a function  of  the 
monthly  subscriber  fee  charged.  As  the  fee  is  lowered,  more  sub- 
scribers come  on  board;  regardless  of  the  sophistication  of  the 
services  being  provided. 

Time  could  be  spent  arguing  the  absolute  value  of  the  final 
penetration,  the  most  desirable  service  or  group  of  services,  or 
the  slope  of  the  curves.  But  one  thing  is  clear,  the  curves  have 
slopes.  The  only  place  the  curves  level  off  is  when  subscriber  fees 
are  so  high  that  no  one  subscribes  and  zero  penetration  is  obtained. 

Figures  2 and  3 display  this  data  in  terms  of  total  system 
revenue  for  various  combinations  of  subscriber  fees  and  penetration. 
The  cost  of  building  and  operating  the  system  is  overlaid  on  the 
revenue  data.  It  can  be  seen  that  the  profits,  or  the  difference 
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FIGURE  I 

RELATIONSHIP  OF  EXPECTED  FINAL  PENETRATION  TO 
MONTHLY  SUBSCRIBER  FEE  FOR  TWO  COMBINATIONS  OF  SERVICES 
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PENETRATION  VERSUS  ANNUAL  DOLLARS  PER  HOUSEHOLD 

FOR  ONE-WAY  SYSTEM 
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between  revenues  and  cost,  peak  in  the  region  of  507o  penetration  and 
at  a monthly  subscriber  fee  of  approximately  $8. 

Now^  comes  the  dilemma  and  the  decision! 

/ . 

Which  is  more  important  to  management,  higher  surpluses  or 
higher  penetrations?  Or  more  basically,  will  a monthly  fee  of  $J.50 
be  charged  in  an  attempt  to  obtain  a penetration' of  707o  or  more  - or 
$8.00  in  an  attempt  to  maximize  near  term  profits? 

The  main  criterion  opts  for  maximizing  system  penetration. 

REQUESTING  RATE  INCREASES  j. 

1 j 

During  the  early  years  of  system'^  implementation  there  is  another 

1 j 

tempting  mechanism  available  to  cable  system  operators  to  increase 

I 

revenues.  Figure  4 shows  rate-of-return  on  equity  in  each  year  of 
system  operation,  assuming  a 2: 1 ,debt- to-equity  ratio.  This  annual 
rate-of-return  assumes  the  final  vaiue  of  the  system  to  be  seven 
times  the  annual  revenue,  plus  cash-on-hand,  minus  outstanding  debt. 

The  peak  in  the  rate-of-return  is  partly  caused  by  tax  carry-over 

j 

provisions.  The  early  years  of  no  positive  rate-of-return  illustrates 
that  cable  needs  plenty  of  capital  while  it  is  being  built  with  little 
hope  of  financial  return. 

The  temptation  to  seek  rate  increases  from  city  councils  in  these 
early  years,  while  ’losses  can  be  documented,  should  be  resisted. 

Again,  because  such  a rate  increase  would  only  slow  both  the  subscriber 
growth  rate  and  the  final  penetration. 
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COMPARISON  OF  INTERNAL  RATE  OF  RETURN  ON  EQUITY 
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AGGREGATED  CLIENTELE 


When  cable  enters  the  nation's  urban  centers  it  should  direct 

/ 

its  capability  for  services  toward  all  the  residents  of  the  city  - 
to  the  municipal  government,  to  the  public  and  private  schools,  to 
the  colleges  and  universities  and  to  the  business  and  commerce  com- 
munity, as  well  as  to  the  "household  communities". 

- 3 

The  FCC  Rules  and  Regulations  include  a requirement  for  a 
municipal  channel,  and  an  education  channel.  Why  not  a cable-full- 
of-channels  for  each?  Why  not  separate  point-to-point  cable  nets 
overlaid  in  a grid-like  fashion  on  the  conventional  cable  distribution 
plant;  one  each  for  the  municipal  government r~the -educational  insti- 
tutions and  major  business  concerns?  Table  I shows  key  character- 
istics of  such  nets  for  Washington,  D.C.  and  the  costs  are  included 
as  part  of  the  total  system  costs  plotted  in  Figures  2 and  3. 

Selective  Power  Control  is  being  used  by  Detroit  Edison  to  help 

. t ■*  *-*  - ■■ 

alleviate  brownout  and  blackout  problems.  There,  200,000  dual  element 
water  heaters,  representing  360  MW  of  power,  are  radio  controlled. 
During  short  peak  load  periods  one  element  of  these  heaters  is  selec- 


tively turned  off.  Thus,  up  to  360  MW  of  power,  costing  $77M  of 
standby  plant  equipment,  does  not  have  to  be  generated.  The  radio 
control  system  costs  $9,6M.  Part  of  the  savings  are  passed  on  as 
lower  yearly  utility  rates  (and  subscriber  fees?).  Cable  systems 
could  easily  provide  the  communication  link  for  this  type  of  service. 
Iron  lungs,  elevators  and  hospitals  could  be  given  a higher  assurance 
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TABLE  I 

POINT-TO-POINT  NETS 

/ 

/ 

• ■ / 


TYPE  / 

/ 

NUMBER 
OF  SUBS. 

LENGTH 

(MILES) 

FEDERAL 

CAPITOL  BUILDING  AND 
MAJOR  FEDERAL  BUILDINGS 
$417,000 

30 CHANNEL  PAIRS 

54 

10 

MUNICIPAL 

SCHOOLS.  FIRE.  POLICE. 
HOSPITALS.  SANITATION.  ETC. 
$807,000. 

14  CHANNEL  PAIRS 

271 

73 

INSTITUTIONAL 

BANKS,  DEPARTMENT  STORES 

$952,000 

14 CHANNEL  PAIRS 

300 

to 

3000 

50 

HIGHER  EDUCATION 
ALL  PUBLIC  AND  PRIVATE 
FACILITIES 
$183,000 

14  CHANNEL-PAIRS 

23 

15 

70 


of  continuous  operation  at  tht  expense  of  air  conditioners,  washing 
machines  and  dryers. 

Why  not  promote  Selective  Power  Control  as  a national  cable  ser- 
vice? It  does  not  require  high  initial  penetrations  as  does  utility 
meter  reading  and  it  certainly  provides  an  incentive;  that  is,  extra 
revenue  for  the  system. 

Washington,  D.C.,^  New  York  City,^  Charleston^  and  San  Jose^ 

are  experimenting  with  traffic  control  systems.  Cable  can  provide 

the  communication  links  fox*  such  services  and  save  the  city  money. 

Xho— Tocal  distribution  of  specialized  common  carrier  data  may 

be  another  near-term  service  that  cable  can  provide  to  its  non-house- 

8 

hold  customer. 

Cable  systems  should  tap  these  non-household  markets  and  include 
the  entire  city  and  its  many  functions  as  its  clientele.  Only  in 
this  way  can  cable  be  .in  a position  to  provide  the  broad  spectrum  of 
services  promised.  The  economic  arguments  for  multiple  cables  being 
drawn  when  the  conventional  plant  is  initially  installed  can  be 
persuasive  indeed . 

Let  me  digress  for  a moment.  When  I moved  into  my  home  recently 
I found  three  built-in  telephone  outlets  with  seven  twisted  pairs 
behind  each.  Opportunities  for  twenty-one  revenue  producing  services 
per  household  were  being  provided  and  I had  not  even  spoken  to  the 
telephone  company.  There  is  a message  there--for  all  of  us. 
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COMMUNITY  PARTICIPATION 


Programming  sources  to  supply  this  industry  that  continues  to 
provide  more  and  more  channels  can  become  a serious  near-term  problem. 
Local  community  studios,  easily  accessible  and  moderately  equipped 

must  be  provided  if  a community  voice  (and  a.  new  program  source)  is 

- -•  — 3 

to  be  realized.  The  FCC's  community  access  channel  requirements 
and  their  additional  requirement  for  one  non-broadcast  channel  for 
each  broadcast  channel  will  insure  programming  the  status  of  a long 
term  issue. 

i 

Commissioner  Johnson  suggests*^  that  portions  of  a relatively 
high  franchise  fee  be  reserved  by  cities  through  an  independent 
commission  or  by  private  groups  with  grants  from  the  city  for  the 
purpose  of  cablecasting^  programming^  This  idea  sets  up  a middleman 
to  handle  the  funds  and  decide  on  the  type  of  programming.  The 
handling  fees  of  such  collection  crmmissions  are  well  known. 

The  expense  curves  of  Figures  2 and  3 include  approximately  one- 

fourth  of  the  total  yearly  subscriber's  fee  being  ploughed  back  yearly 

/ 

for  programming  purposes  in  both  the  one-way  system  configuration  and 
in  the  two-way  subscriber  response  system  configuration.  Over  a ten 
year  period  this  amounts  to  $15M  being  allocated  to  programming  in 
the  one-way  system  configuration  and  $34M  in  the  two-way  system  con- 
figuration. In  addition,  it  provides  nine  local  studios  moderately 
equipped  costing  a total  of  $500,000. 
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The  economic  analysis  of  an  urban  cable  system  requires  many 

different  assumptions  and  the  sensitivity  of  these  assumptions  must 

2 

be  tested.  For  the  Washington,  D.C.  system,  the  economic  analysis 
was  repeated  using  various  values  for  key  parameters  such  as  those 
shown  in  Table  II. 

SUMMARY 

Again,  these  are  just  a few  thoughts  directed  toward  the  peril 
side  of  cable's  promise.  They  represent  some  changes  in  the  conven- 
tional approaches  directed  toward  obtaining  the  critical  mass  of 
subscribers  necessary  for  both  economic  and  social  viability  of  urban 
cable  systems.  / 


Many  of  the  thoughts  and  much  of  the  background  information  for 


nomic  viability  and  technical  feasibility  of  urban  cable  systems 


which  was  _funded  by  The  John  and  Mary  R.  Markle  Foundation;  Reference 
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• \ 

tributions  of  other  key  members  of  the  study  team,  Frank  R.  Eldridge, 
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TABLE  II 

SENSITIVITY  ANALYSES 


• 

RATE-OF-RETURN 

• 

SYSTEM  MAINTENANCE 

D/E 

INTEREST 

MARKET  VALUE  ... 

• 

SYSTEM  PENETRATION 

. • 

ECONOMIES  OF  SCALE 

FINAL  VALUE 

STUDIO  COSTS 

GROWTH  RATE 

PROGRAMMING  COSTS 
OPERATING  COSTS 

• 

CAPITAL  COSTS 

• 

MULTIPLE  FRANCHISES 

* \ 
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WHAT  BELONGS  OH  THE  CA3LE 

John  E.  Ward* 

l 

l 

Many  papers  and  articles  over  the  past  two  or  three  years  have 
suggested  that  the  300-MHz  coaxial  CATV  cable  carries  sufficient  bandwidth 
into  (and  out.  of)  the  home  that  it  can  serve  almost  every  conceivable  home 
communications  need — providing  as  many  TV  viewing  channels  as  anyone  can 
think  of  a use  for;  two-way  data,  audio,  and  data  services,  anc  perhaps 
eventually  taking  over  the  functions  of  the  present  voice  telephone  system . ' 
and  augmenting  it  \*.o  provide  full  nationwide  videophone  service  with  TV  ; 
bandwidth.  At  the  same  time,  the  cable  is  touted  as  the  way  to  also  provide 
data  and  facsimile  services  between  businesses,  video  and  audio  inter- 
connections between  schools  (and  school  systems),  and  a wide  variety  of 
municipal  communications  services  such  as  police  and  fire  networks,  traffic 
surveillance  and  control,  and  so  forth.  The  purpose  of  this  paper  is  to 
examine  some  of  the  realities  of  this  communications  utopia  from  the 
standpoints  of  performance  and  cost,  suggest  those  areas  where  the  coble 
seems  best  suited  to  providing  new  or  improved  communication  functions, 
and  just  as  important,  point  out  those  areas  where  the  urge  to  "cable-ize" 
may  be  inappropriate. 

First  of  all,  let's  talk  about  cable  capacity.  It  is  true  that 

t 

the  300-MHz  bandwidth  of  a single  coaxial  cable,  or  the  uOO-MHz  bandwidth  , 
of  two  cables,  can  theoretically  carry  about  as  many  entertainment,  educa- 
tion, or  citizen-information  viewing  channels  into  the  home  as  anyone  would 
probably  ever  want.  As  is  well  known,  there  are  a number  of  complicated 
technical  problems  in  trying  to  use  every  scrap  of  the  available  cable 
bandwidth,  but  these  do  seem  to  not  represent  a serious  limitation  at 
present,  and  should  gradually  be  solved  in  the  future  as  cable  technology 
improves.  The  present  cost  increment  for  just  increasing  downstream 
capacity  per  cable_to  25-30  channels  is  not  great,  hut  cable  system  costs 
(including  frequency  multiplex/demultiplex  equipment)  can  rise  quite 

steeply  if  many  additional  signals  of  various  types  are  to  b<  carried; 

% 

*Deputy  Director,  Electronic  Systems  Lab.,  M.I.T.  ' 


i.e.,  the  solution  tc  the  technical  problems  of  adding  these  signals 
•without  mutual  interference  may  be  quite  expensive  in  terms  of  system  cost. 
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It  is  also  true  thfst  through  use  of  presently  available  time- 
c i vi s ion-mult ipl e x (TDM)  techniques,  just  a few  channels  used  for  two-way 
digital  data  services,  plus  possibly  acdressed-frarae  video  (sometimes  called 
"frame  grabbing),  can  provide  individualized  communications  services  of 
enormous  capacity  for  all  subscribers  in  a system.  A single  one-megabit, 
two-way  data  channel  (which  requires  no  more  than  4 MHz  downstream  and 
4 MHz  upstream)  can, for  example,  drive  about  4,000  printers  simultaneously 
at  10  characters  per  second,  at  the  same  time  accepting  the  same  simultan- 
eous input  rate  from  4,000  keyboards  or  other  data  input  devices.  Since 
every  home  obviously  won't  be  receiving  or  sending  all  the  time  at  this 
rate,  such  a data  channel  should  easily  serve  20,000-30,000  homes  (or  more, 
depending  on  how  much  access  delay  is  permissible),  each  of  which  can  also 
be  polled  at  least  every  few  seconds  to  see  if  they  wish  to  initiate 
communications.  If  in  addition,  just  one  downstream  TV  channel  is  devoted 
to  addressed-frane  video,  as  many  as  216,000  different  text  or  picture 
frames  per  hour  can  alsc  be  transmitted,  surely  sufficient  for  the  on- 
demand  infonnation  access  needs  of  our  20,000-30,000  homes.*  These 
individualized  services,  however,  do  carry  a high  incremental  capital 
cost  for  the  necessary  home  terminal  enuipment.  Added  head-end  equipment 
costs/ are  nominal  on  a per-subscriber  basis,  except  as  the  services  become 
more  sophisticated . More  will  be  said  about  this  later. 


I 

I Where  the  seemingly  bountiful  cable  capacity  begins  to  lock  less 
bountiful  is  when  one  adds  requirements  for  any  significant  number  of  non- 
TDM,  dedicated,  upstream  or  downstream  TV-bandwidth  channels  that  are  for 
"private"  use  of  some  sort,  and  not  for  general  viewing.  For  example, 

4-15  TV  channels  per  trunk  seems  a reasonable  range  of  upstream  capacity, 
depending  upon  whether  one  has  a one-  or  two-cable  system  (this  assumes  that 
in  a two-cable  system  about  hair  of  one  cable  would  be  used  for  upstream 

*See  for  example  "The  Reston,  Virginia,  Test  of  the  Mitre  Corporation's 
Interactive  Television  System,  John  Volk,  Report  MTP-3?2,  Mitre  Corn., 

May,  1971*  This  system  digitally  addresses  each  interlace  field 
separately  and  thus  transmits  60  262-line  images  per  second,  each  con- 
taining up  to  300  alphanumeric  characters. 
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signals).  Allowing  a fev;  of  these  upstream  channels  for  remote  program 
origination  use,  a few  each  for  school  and  municipal  TV  interconnections 
(note  that  these  interconnections  would  probably  be  two-way  and  thus  also 
need  a downstream  ch8nnel„.prer  upstream  channel),  there  isn't  room  left  .for 
very  many  traffic  or  security  surveillance  camera  channels  (for  example), 
or  for  much  private  TV  channel  usage  by  individual  subscribers. 

Carrying  this  last  point  to  the  extreme,  the  total  upstream  and 
downstream  channel  capacity  of  a tree- structured  cable  system  is  clearly 
insufficient  to  support  large  numbers  of  simultaneous,  individual,  two-way 
video  conversations  (i.e.,  videophone  service).  For  that,  a switched  hub- 
structured  cable  plant  (with  individual  subscriber  lines)  would  be  needed, 
organized  like  the  telephone  system.  This  is  the  cable  configuration  of 
the  Rediffusion,  Inc.,  "Dial-a -Program"  CATV  system,*  and  may  certainly" 
be  cited  as  a potentially  great  advantage  of  that  system.  However,  their 
present  one-of-36  program-distribution  switchgear  was  not  designed  for 
line-to-line  switching  and  would  have  to  be  very  greatly  reorganized  and 
augmented  in  order  to  provide,  the  switching  functions  needed  for  many 
simultaneous  subscriber-to-subscriber  two-way  connections  on  a dial-up 
basis.  The  cost  of  such  switchgear  would  be  very  substantial. 


Returning  to  the  tree- structured  cable,  it  is  interesting  to 
speculate  ^what  would  have  happened  if  cable  systems  of  this  type  had  been 
invented  100  years  ago  and  installed  before  any  other  type  of  communication 
system.  I am  sure  that  the  bottleneck  represented  by  the  finite  simultan- 
eous cable  channel  capacity  per  trunk  would  eventually  have  forced  many 
full-time  users  (or  potential  users)  off  the  cable  and  onto  circuits 
dedicated  for  their  own  use,  and  many  other  users  desiring  part-time, 
private  circuits  onto  a switched  network  of  some  sort.  Thus,  one  must 
certainly  closely  examine  potential  "non-broadcast"  cable  communications 
functions  or  services  that  cannot  be  time-division  multiplexed  on  just  a 


eu  channels  (in  the  manner  discussed  earlier)  to  see  if  it  is  technically 


*"Dial-a-Program — an  HF  Remote-Selection  Cable  Television  System", 
R.P.  Gabriel,  Proceedings  of  the  TREE,  July,  1970,  PP*  1016-1023. 


78 


72 


. . * 

« * 

* } *»  *■ 


practical  (or  economic)  to  devote  the  necessary  cable  bandwidth  continuously 
to  their  needs,  as  opposed  to  services  available  to  all  subscribers.  In 
many  cases,  dedicated  facilities  may  represent  a better  solution  for  users 
with  heavy'  communication  needs  between  just  a few  locations--for  example, 
if  closed-circuit,  inter- classroom  usage  between  all  schools  in  a city 
requires  more  than  one  full-time  two-way  channel,  a private  inter-school 
cable  may  be  advisable,  in  addition  to  CATV  cable  tie-ins  for  its  program 
and  general  communication  services.  Of  course,  if  a given  cable  system  does 
have  unused  operable  channels,  adding  such  functions  or  services  up  to 
capacity  makes  sense,  at  least  for  the  short-term.  The  intent  of  this 
discourse  is  not  to  say  that  such  services  don't  belong  on  the  cable,  but 
to.  point  out  that  there  are  limitations,  in  total  capacity,  and  that  the 
various  "closed-circuit"  services  that  one  hears  discussed  can't  all  be 
handled  without  going  to  special  cable  configurations  for  this  purpose. 

The  Question  then  arises  as  to  whether  these  special,  dedicated  cable 
facilities  should  be  handled  by  a CATV  operator,  or  in  some  cases,  even  be 
interconnected  with  a CATV  system  at  all. 

On  the  other  hand,  it  is  worth  re-emphasizing  that  the  cable  does 

. / 

have  a unique,  very  practical  capability  for  providing,  at  little  cost  in 
bandwidth,  a class  of  communications  services  that  can  only  be  awkwardly 
handled  (if  at  all)  by  existing  communication  systeras--the  simultaneous, 
rapid,  two-way  interaction  between  a very  large  number  of  individual 
subscribers  and  a central  information  processor/source.  The  key  concept 
here  is  that  the  network  configuration  of  a cable  system  permits  the 
placing  of  all  subscribers  on  one  or  more  gigantic,  broadband  party  lines 
on  which  addressed,  time-division-multiplex,  messages  can  be  transmitted 
at  very  high  rates.  This  clearly  represents  a new  dimension  in  communica- 
tions capability,  and  one  which  has'  great  potential  as  an  addition  to  other 
cable  services.  The  main  problem  is:  What  sorts  of  services  can  be  made 

•to  pay  for  themselves,  given  the  high  costs  of  the  necessary  terminal 
equipment  for  home  and  possibly  business  uses  (and  for  certain  services, 
of  the  associated  head-end  equipment  and/or  interconnections  with  other 
data  bank  systems)? 
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I am  afraid  that  I have  no  ready  answer  to  this  question,  but 

% 

it  may  be  of  value  to  cite  the  factors  which  must  be  considered.  First 
of  all,  I see  this  as  a "chicken  or  the  egg"  situation.  The  economics  of 
two-way  communication  lias  a serious  critical  mass  problem,  both  in  the 
number  of  subscribers  equipped  and  connected  for  a given  polling-type 
service  (say  meter  reading),  and  also  in  the  number  of  access  services 
(banking,  shopping,  etc.)  available  to  a given  subscriber.  (As  an  AT&T 
official  was  recently  quoted  in  relation  to  the  decision  to  temporarily 
shelve  Picturephone , "it's  no  good  if  there  is  no  one  else  to  talk  to.")* 
Thus  two-way  hook-ups  and  services  may  have  to  be  subsidized  in  some  way 

a 

to  ever  get  off  the  ground  and  their  eventual  self-supporting  viability 
would  seem  to  depend  on  the  totality  of  a large  number  of  different 
services  each  with  modest  fees,  rather  than  a few  services  with  high  fees 
(a  possible  exception  is  pay  TV). 

Second,  there  is  still  a large  human  factors  question  in  regard 
to  the  sorts  of  services  under  discussion,  which  are  generally  new  services 
never  before  available.  Given  that7  a broad  spectrum  of  possible  services 
is  set  up  ar.d  offered  to  subscribers  in  their  "electronic  fortresses",  will 
they  use  them  to  the  extent  necessary  for  economic  viability  of  the  services? 
For  example,  even  if  a service  such  as  home  shopping  is  immensely  popular 
as  a concept'/  would  enough  subscribers  pay  a monthly  terminal  fee  for  the 
service,  plus  possibly  a price  premium  on  purchases  due  to  the  added  sales 
costs  for  goods  presentation  on  camera,  automated  order  taking,  and  home 
delivery  a^ter  purchase?  Large-scale  experiments,  conducted  for  a sub- 
stantial period  of  time  (sufficient  for  novelty  transients  to  die  out), 
seem  the  only  way  to  really  shed  some  light  on  these  difficult  questions,  and 
will  require  extensive  cooperation  and  commitment  on  the  part  of  many 
organizations  for  a given  experiment. 

A bvief  word  about  head-end  costs  for  new  types  of  individualized 
services.  Simple  polling  and  data  store-ahd-forward  interconnections  with 

*"Picturephones  Shelved  Due  to  Lack  of'-fjemand " , The  V/ashington  Post, 

April  13,  1972. 
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other  computerized  data  services  (banks,  stores,  reservation  systems,  etc.) 
can  be  handled  by  a small  computer  with  a capital  cost  of  only  a few  tens 
of  dollars  per  subscriber.  Similarly,  the  head-end  could  forward  subscriber 
requests  for  3ddressed-frame  video  signals  originating  elsewhere  (say  in  a 
library)  and  put  the  signals  on  the  cable  at  little  cost  in  head-end  equipment 
However,  if  the  cable  operator  wishes  to  provide  digital  data  bank1*,  data 
processing,  or  video  frame  services  himself,  his  head-end  costs  could  go  up 
by  an  order  of  magnitude  or  more,  depending  on  the  services  provided  (rapid- 
access  memory  devices  of  all  types  tend  to  be  very  expensive).  Only  .time 
and  experience  will  show  how  some  of  these  services  can  best  be  provided 
(assuming  that  there  is  a real  market  for  them). 

This  discussion  has  been  deliberately  couched  in  rather  general 
terms,  without  attempting  to  predict  costs  for  this  and  that  out'  to  the 
penny  for  some  future  period.  Many  such  predictions  are  available,  and 
the  author  has  previously  made  some  of  his  own.*  What  seemed  more  valuable 
for  the  present  purposes  was  an  exposition,  from  a communications  systems 
viewpoint,  of  what  types  of  services  the  cable  seems  best  at,  and  of  what 
other  services  it  could  provide,  but  with  performance  difficulties  or  at 
high  cost.  It  is  hoped  that  this  has  proved, useful . 


•t 


*Appendix  A,  "On  the  Cable — The  Television  of  Abundance",  Sloan  Commission 
on  Cable  Communication,  McGraw-Hill  Book  Co.,  December,  1971. 
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BLUE  SKY  TO  CASH  FLOW  ■ MARKET  STUDY 

\ 

' Robert  W.  Behringer 

Theta-Com  Corporation 

* / 

’ / - . ■ 

Alter  rereading  the  synopsis  of  the  eontent  of  this  session,  I’m  a little  uncertain  as  to 

whether  or  not  the  task  can  be,  properly  accomplished  at  this  time.  The  title  "Blue  Sky  to 

i 

Cash  Flow"  implies  a wide  range  of  developing  technologies  and  techniques  for  the  CATV 

industry.  These  include  the  use  of  satellites,  interconnection  of  cab jc  systems,  new  social 

services,  data  retrieval,  digital,  microwave  or  laser  transmission  of  CATV  programming  and 

expanded  communications  bandwidth,  among  others.  In  almost  till  cases,  the  so-called 

"Blue  Sky"  can  be  brought  down  to  the  bottom  line,  to  cash  flow,  only  by  use  of  a broad* 
-•  / | 
band  communications  network  incorporating  some  form  of  interaction  with  the  individuals 

compri.siii^ihe  population. 

/ 

/ : 

In  this/discussion.  I will  restrict  myself  to  the  interface  with  the  ultimate  consumer  since 
this  J where  the  market  is  conclusively  established.  This  means  an  interactive  home  term- 
inal tor  the~T)roadband  communications  network  and  is  the  crucial  link  for  the  subscriber  to 
participate  in  the  programming  and  services  offered  in  the  next  decade.  The  synopsis  went 
Through'  a brief  general  discussion  of  the  topic,  and  then  wound  up  with  the  real  nut  "re- 
ducing complex  systems  to  basic  parameters  leading  toward  valid  predictions  of  potential 
cash  Oow."  That  is  what  is  needed  to  make  the  decision  of  whether  or  not  to  install  inter- 

, ( l 

ac  tive  home  terminals  and  which  services  to  offer  if  and  when  these  terminals  are  installed. 
How  should  we  study  the  market? 


1 think  a good  way  to  put  this  in  perspective  is  to  ask  ourselves  a question:  What  if  Henry 
Ford  had  a management  consulting  firm  make  a market  study  on  horseless  carriages?  The 
answer.  I believe,  is  obvious,  based  on.  my  having  participated  in  some  studies  of  this  type. 
An  expert  would  have  sent  out  a questionnaire  to  a lot  of  horse  and  buggy  owners:  he  would 
have  assembled  statistics;  he  would  have  conducted  personal  interviews;  he  would  have 
made  an  economic  and  technical  model,  and  would  have  come  up  with  the  "obvious"  answer. 

i 

The  horse  and  carriage  is  here  to  stay  and  the  horsclcss  carriage  is  a toy  that  only  the  very 
wealthy  can  afford. 
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Now  there  just  might  have  been  someone  in  that  firm  with  a gut  feeling  who  would  guess 
the  future  and  predict  the  right  answer.  I don’t  think  so,  however.'  If  lie  had  even  dared  to 
predict  that  these  "toys”  would  someday  outnumber  horses,  he  would  have  seemed  foolish. 

Today  we  can  look  back  and  see  how  major  industries  have  developed  in  the  past  70  years. 
In  almost  every  case  of  a major  social  or  commercial  need  in  this  country,  we  have  consist- 
ently grossly  underestimated  the  potential:  i.e.,  telephone,  electric  power,  computer  use,  of- 
fice copiers,  color  television,  etc.  v 


Today  we  are  faced  with  a situation  similar  to  the  horseless  carriage  manufacturer.  We  have 
a product  - interactive  home  services  - which  can  economically  and  conveniently  supply 
services  that  are  already  in  existence  and  being  taken  care  of  by  a variety  of  other  means. 
As  an  example,  we  can  supply/to  the  subscriber  a device  which  will  store  one  frame  of  video 
information,  a “frame  grabber”  with  semi-random  acccsss  to  a large  data  bank.  He  now  sat- 
isfies this  requirement  with  libraries,  magazines,  reference  works  at  home,  newspapers,  tel- 
ephone calls,  etc.  The  frame  grabber,  however,  will  do  this  more  quickly  and  conveniently. 
We  are  now  attempting  to  make  a market  study  to  determine  how  many  such  services 
people  will  be  eager  to  accept.  How  will  people  want  to  u ;c  a broadband  communications 
system  with  interactive  capabilities?  ‘ 


At  this- point.  I think  it  appropriate  to  bring  another  factor  into  the  analysis.  In  the  last  20 
years,  the  big  change  in  buying  habits  has  been  to  convenience  items,  such  as  frozen  or  pre- 
pared foods,  automatic  kitchen  appliances,  etc.  We  reach  the  conclusion  that  the  Broad- 

. 1 Y*  ’ . 

band  Communications  Network  with  interactive  home  terminals  will  bring  essentially  the 
same  services  and  information  to  the  subscriber  that  he  now  has  available,  but  in  a faster 

■ ’ ...J 

\ 

time  frame  and  in  a more  convenient  way.  He  might  also  avail  himself  of  more  services  than 
he  now  uses,  because  of  the  convenience  of  using  interactive  home  terminals. 
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We  could  spend  many  hours  examining  this  issue  in  detail;  however,  one  example  would 
suffice.  When  you  go  to  a department  store,  the  first  thing  you  usually  do  is  to  get  into  an 
automobile  and  drive  to  the  department  store  location.  This  takes  an  automobile,  gasoline, 
and  a lot  of  frustration.  When  you  finally  get  to  the  store,  you  have  the  problem  of  finding 
a space  and  parking  so  as  not  to  have  the  car  damaged  by  others.  You  enter  the  store  and 
try  to  find  a clerk.  They  are  usually  quite  independent  people  and  very  elusive.  Now  you 
have  him,  and  you  tell  him  what  you  want  to  buy.  They  may  or  may  not  have  the  exact 
item  you  wish  to  purchase  in  inventory.  It  may  take  10  or  15  minutes  to  find  it  or  to  deter- 
mine if  they  are  out  of  stock.  If  they  arc  you  must  go  to  another  store.  If  they  have  the 
item,  he  checks  your  credit  card  usually  by  telephone.  Finally,  he  rings  up  the  ticket  and 
then  you  must  retrace  your  weary  steps  home.  This  entire  process  may  have  involved  2 to  4 


hours  of  your  time. 


The  purchase  might  have  been  accomplished  by  phone;  however,  the  buyer  usually  likes  to 
see  and  feel  what  he  is  buying  even  if  he  could  shop  by  phone.  The  interactive  home  term- 
inal should  be  successful  for  shopping  services  if  we  can  convince  the  consumer  that  it  is  not 
necessary  to  feel  the  item.  Although  some  consumer  behavior  must  be  modified,  the  greater 
convenience  will  sell  the  service.  What  I’m  moving  towards  is  how  you  can  approach  making 
a market  study  for  the  services-that  a Broadband  Communications  Network  utilizing  inter- 
active home  terminals  can  offer.  * 


If  you  note  the  costs  of  all  the  services  that  people  buy  or  participate  in,  you  might  say  that 
tl\e  costs  could,  it)  the  limit,  transfer  as  gross  revenue  to  the  company  operating  the  broad- 
band communications  network  and  interactive  home  terminals.  This  would  be  the  height  of 
optimism  and  could  result  in  disaster.  -To'start  with,  personal  habits  in  obtaining  the  ser- 
vices and  information  are  going  to  have  to  be  modified.  This  means  a slow  buildup  in  vol- 


ume, Secondly,  the  services  and,  in  formation  provided  will  need 
lastly,  the  convenience  mus't  make  it  attractive. 


to  be  less  costly.'  And 
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This  brings  to  mind  an  example  of  how  wrong  a paper  market  study  can  be.  Some  years  ago 
I worked  on  a program  of  cold  sterilization  using  electron  beams  or  nuclear  by-products.  A- 
mong  the  many  things  tested  was  milk,  which  is  normally  pasteurized.  We  originally  as- 
sumed that  there  would  be  a big  switch  to  cold  sterilization  due  to  the  inherent  cost  advan- 
tages. We  finally  rejected  this,  after  discovering  that  milk  did  not  change  its  taste  after  cold 
sterilization  and  most  people  are  accustomed  to  the  burnt  taste  of  pasteurized  milk.  Today, 
however,  the  use  of  raw  milk  is  increasing  by  leaps  and  bounds.  Moral:  predicting  tastes  on 
the  basis  of  paper  market  surveys  is  unreliable. 


There  are  some  firm  facts  that  seem  to  be  available.  People  today  will  pay  for  a premium 
program,  i.e.,  movies,  sports  events,  opera,  etc.  At  least  if  they  are  in  a motel  or  a hotel 

they  will.  Think  of  the- choices  the  individual  in  a motel  or  hotel  has.  and  I think  if  you 

/ 

travel  you  can  understand  why  a first-run  movie  in  your  room  is  successful.  Another  fact  is 
the  increasing  demand  for  convenience,  service  and  information. 


My  conclusion,  based  on  the  foregoing,  is  that  there  is  only  one  way  to  properly  evaluate 
the  market  potential,  and  you  might  say  that  is  through  the  established  techniques  of  test 
marketing  in  a limited  area.  Take  a community  and  install  a broadband  communications 
system,  or  convert  an  existing  system  to  two-way  operation.  Install  the  interactive  home 
terminals  on  a complete  saturation  basis.  Furnish  as  many  good  services  as  you  can  and  mar- 
ket them.  Analyze  and  project  the  results  to  cover  other  markets.  Then  there  will  be  some 

r , 

historical  data  to  go  by.  But  in  extrapolating  this  test  data,  be  aware  that  the  process  of 
changing  behavior  is  gradual  and  evolutionary.  Habits  of  a lifetime  will  not  bejnodified  by 
the  installation  of  an  electronic  box.  i 


Look  at  the  office  copier  market;  not  only  did  the  sales  of  machines  increase  at  a phenom-# 
enal  rate,  but,  and  this  is  the  crucial  point,  the  use  of  machines  increased  dramatically  after 
the  initial  sale.  It  was  qne  step  to  introduce  the  machines  to  industry,  and  quite  another  to 
have  industry  change  its  habits  and  patterns  to  make  the  best  use  of  the  office  copier.  Pro- 
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jccting  the  ultimate  use  of  the  machines  first  after  they  were  installed  would  have  lead  to  a 
completely  incorrect  estimate  of  total  market  potential.  This  problem  holds  true  for  the  use 
of  a broadband  interactive  terminal.  How  do  you  estimate  changes  in  behavior  and  life 
style?  Will  family  units  spend  more  time  at  home  watching  first  run  movies  if  they  are  avail- 
able? 

Several  others  have  previously  indicated  their  belief  that  the  potential  market  for  services, 
entertainment,  and  information  is  available  and  extremely  large.  However,  the  broadband 
communications  networks  will  not  retain  a large  share  of  this  market  without  vigorous  and 
specialized  marketing  on  site. 

This  leads  to  another  conclusion:  that  in  general,  the  services,  entertainment,  and  informa- 
tion should  be  handled  by  a separate  or  subsidiary  group  rather  than  the  company  operating 
the  cable.  The  reason  for  this  is  the  specialized  nature  of  the  marketing  effort  requited.  The 
operator,  of  course,  would  derive  his  income  from  leasing  channels  on  the  cable  or  taking  a 
percentage  of  the  gross.  1 favor  the  latter. 

I do  not  wish  to  make  an  advertisement  of  this  presentation;  however,  1 would  like  tore- 

\ • 

N 

I view  how  Theta-Corn  of  California  is  approaching  the  problem.  We  have  designed  and  arc  in- 
\ stalling  a complete  two-way  interactive  system  in  El  Segundp.  We  are  performing  this  test  to 
measure  the  market  which  we  feel  exists  for  services,  data  retrieval  and  entprtainment.  No 

matter  how  many  paper  studies  arc  performed,  there  isonly  one  true  test  of  market  accept- 

I ■ ' 

ance;  the  marketplace.  The  remainder  of  this  talk  sketches  the  El  Scgundo  test  plan  and 
the  premises  upon  which  it  is  based.  _ 

/ 

/ 

The  first  slide  (Figure  1 - Market  Size)  indicates  what  we  think  the  market  size  is.  Although 
this  chart  was  prepared  several  years  ago  for  another  purpose,  it  agrees  essentially  with  most 
recent  studies  made  by  others.  Note  that  by  1981  we  expect  that  the  coaxial  cable  will  be 
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available  to  50  million  homes,  and  that  about  25  million  subscribers  will  be  on  the  cable.  Of 
that  25  million  subscribers,  about  18  million  will  be  in  systems  with  more  than  2500  sub- 
scribers. and  about  1 1 million  will  be  in  systems  with  interactive  communication  capability 
of  some  type.  These  latter  figures  were  based  on  assumed  projected  growth  and  that  equip- 
ment is  available  when  needed,  the  cost  of  the  interactive  home  terminal  js  reasonable  and 
that  services  and  information  are  available  and  can  be  marketed  profitably. 


As  you  may  have  observed,  we  have  already  made  several  simplifying  assumptions  such  as 
that  average  saturation  will  be  about  50'?.  . t. 

The  next  slide  (Figure  2 - Market  Assumptions)  shows  the  additional  assumptions  we  have 
made  in  analyzing  the  quantity  of  full-scale  interactive  units  required. 


ERIC 


The  next  slide  (Figure  3 - Market  Plan)  describes  the  test  bed  that  was  made ‘available  to  us. 

Initially  we  will  install  25  to  30  units  that  have  previously  been  tested  on  three  simulated 

systems  we  now  have  in  our  plant. 

v ’ • 

A.  The  so-called  A-B  (dual)  cable  system,  which  is 

the  actual  equipment  that  is  going  to  be  installed 

"■s 

in  El  Segundo. 

B.  A single  cable  two-way  system. 

C.  A single  cable  system  retrofitted  with  outboard 

filters  and  reverse  amplifiers  for  two-way  opera- 
tion. This  is  intended  for  those  systems  that  are 
in  existence  and  wish  to  convert  to  two-way 

service  without  rebuilding  or  who  may  want  to 

\ 

be  selective  on  where  they  initially  install  two- 

• ' l 

x way. 

The  next  slide  (Figure  4 - Test  Plan)  shows  tljc  progress  we  have  made  and  what  the  actual 

test  will  consist  of.  ■ 

■ ■"  ‘A 
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The  next  slide\(Figurc  5 - Services  to  be  Offered)  shows  you  our  plan  for  services  to  be  furn- 

\ / 

ished  during  thh  El  Scg"ndo  test  phase.  It  is  our  opinion  that  we  can  realize  at  an  average  of 

\ / 

at  least  SI 0.00  per  month  of  added  income  per  installation/  We  think  we  are  conservative 

for  the  long  run.  This  has  a base  of  premium  or  pay  television  with  the  other  items  adding 
incremental  income.  The  figures  indicate  SI 20.00  per  year  of  cash  flow  which  will  more 
than  pay  the  carrying  charges  on  the  added  investments.  Based  on  what  we  know  now,  it 
appears  that  the  capital  investment,  when  the  units  arc  in  production,  will  be  S200  to  S250 
for  each  home-tciminal  equipment  set.  This  figure  includes  a pro-rata  share  of  the  computer 
and  the  computer  software  for  the  hcadend.  It  does  not  include  the  cost  of  converting  the 
cable  system  to  two-way,  inasmuch  as  this  is  now  essentially  an  FCC  requirement.  Besides, 
the  incremental  cost  of  two-way  versus  one-way  is  rather  small  today  in  new  construction 
using  modern  equipment. 

Fallowing  are  a quick  scries  of  slides  that  show  you  the  actual  equipment  to  be  used  in  the 
market  test.  As  mentioned  previously,  our  interactive  home  terminal  has  been  under  test  on 
the  various  types  of  two-way  cable  systems  and  we  will  install  these  and  similar  units  in  the 
field,  starting  in  the  Fall. 

Figure  6 - A-B  Cable  System  - Two  Way 
Figure  7 - Single  Cable  System  - Two  Way 
Figure '8  - Single  Cable  System  - Two  Way  Retrofit 
, Figure  9 - Computer  PDP- 1 1 - Local  Processing  Center 
Figure  1 0 - Computer  Simulator 
Figure  1 1 - SRS  - Wall  Unit 
Figure  12 -SRS  - 101  Subscriber  Console 
Figure  1 3--  SRS  - 1 02  Subscriber  Console 
Figure  14  - SRS'-  Tape  Printer  for  SRS  102 

To  return  to  the  original  question,  that  of  “reducing  complex  systems  to  basic  parameters 
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leading  toward  valid  predictions  of  potential  cash  flow,”  I feel  there  is  only  one  way  this  can 
be  done  for  interactive  hpme  terminals  to  arrive  at  a meaningful  answer.  That  is  to  make  an 
actual  installation  in  the  market  and  evaluate  the  results.  The  accuracy  of  even  this  direct 
approach  will  depend  to  a large  extent  on  the  management  of  that  test,  the  marketing  vigor 
of  the  people  conducting  the  test  and  the  foresight  and  ability  of  those  analyzing  the  out- 
come. , / 
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Figure  3 
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PRODUCTION  UNITS  LATE  FALL  1973 
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11.  system  Diagnostics 

12.  REMOTE  SUBSCRIBER  ENABLE/DISABLE 

PREVENTS  MISUSE  OF  SYSTEM 

13.  FRAME  GRABBING 

14.  VEHICLE  MONITORING 
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Figure  6 - A-B  Cable  System  - Two  Way  . 
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Reporter 

. • F.  E.  Jack  Stone 
UA  Cablevision  Inc. 

“S.  • 

Dallas,  Texas 


A capacity  audience  attended  the  Eye-Opener  session 
entitled,  "Technical  Training,"  in  the  Bel  Air  Room  this 
morning.  Moderated  by  Joe  E.  Hale,  panelists  included 
representatives  from  N.C.T. I. , Elkins  Institute,  Tgxas  . 
A&M  Extension  Service , Colorado  Electronic  Technical 
College,  i.C. S./intext,  and  the  College  of  San  Mateo. 

• Each  representative  described  his  organization's 
educational  efforts  and  abilities  in  the  field  of  Cable 
Television.  Since  both  Resident  and  Correspondence 
Schools  were  represented  and  both  commercial  and  non- 
profit, a broad  base  was  established  for  the  later 
question  and  answer  period.  . • 

The  curricula  ran  the  gamut- from  two  weeks  to  forty- 
eight  weeks  for. the  resident  courses, 'and  to  750  study 
hours  for  the  correspondence  courses;  from  a basic 
Installer  Course  to  an  Associate  Degree;  and,  for  a 
man  just  out  of  high  school  to  the  experienced  system 
technician.  Prices  mentioned  ran  from  no  tuition 
(San  Mateo  College)  to  $1980  for  a complete  course 
(Elkins ) . 

The  Question  and  Answer  period  w^s  lively  and  rai 
into  overtime.  The  panelist  from  C.E.T.C.  was  challenged 
on  his  statement  that  his  school  has  for  three  years/ 
oJrfex*ed  twelve  scholarships  to  black  students  and  to 
date  has  not  received  a student.  He  was  asked  how  me 
had  advised  the  black  cbmmunity  of  such  scholarships 
(Press,  Department  of  Labor,  and  black  civic  organi- 
zations) and  what  out-of-pocket  expenses  a student  could 
expect  if  he  were  awarded  one  ($200  per  month)? 

The  discussion  was  continued  in  an  informal  manner 
after  the  -session  was  concluded  by  the  Moderator. 
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. /.?'  t\ 

• . . J . 

The  panel  on  the  FCC  Technical  Rules  an,d  Standards 
Session  consisted  of  a member  of  the  FCC  st^'ff  and  qual- 
ified engineers  who  explained  the  rules  and’' methods  of  . 
complying  with  these  rules  using  the  currently  avail- 
able test  equipment  and  techniques.  / 

1 . "Cable  Television  Technical  Standards  - Concepts 
aind  Interpretations 11  — Sydney  R.  Lines 

Mr.  Lines  announced  that  the  newly  adopted  rules  and 
standards  are  now  in  effect.  Minimum  signal  standards 
have  been  set,  but  the  maximum  over- load JLevels  are  not 


I 
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known  at  this  time  because  it  has  not  yet  been  deter- 
mined what  a TV  set  will  tolerate. 

Frequency  tolerance  standards  for  top-of-set  conver- 
ters have  been  somewhat  relaxes,  but,,  as  technology  stand- 
ards improve,  they  will  become  more  stringent.  Var- 
iation of  signals  in  the  CATV  systems  cannot  be  more  than 
12  dB  per  24-  hours.  This  means  the  system  will  have  to 
compensate  for  rapid  changes  in  temperature.  Radiation 
tolerance,  will  include  both  signals  leaving  the  cable, 
as.  well  as  signals  getting  into  the  cable  such  as  high 
powdered  communication  transmitters. 

2.  "Critical  Steps  to  Compliance"  -Norman  Penwell 

Mr.  Penwell  further  elaborated  on  the  FCC  Technical 
Standards.  He  is  quoted  as  saying: 

"A  system  is  furthef  defined  as  'each  separate 
and  distinct  community  or  municipal  entity  served  with  . 
cable  television  facilities,  even  if  there  is  a single 
head-end  and  identical  ownership  of  facilites  extending 
into  several  communities'.  Each  system  thus  defined  must 
comply  separately  with  the  new  rules. 

"New'  systems  may  not  commence  operation  nor  may 
existing  systems  add  television  broadcast  signals  until 
they  have  received  a certificate  of  compliance.  Exist- 
ing Systems  cannot  continue  carrying  television  broad- 
cast signals  beyond' March  31,  1977  without  obtaining  a 
certificate  of  compliance. " - 


"CATV  Distortion  Measurement  Techniques"  - Jerald 
S.  Crusan  / • 


Mr.  Crusan  mentioned  that  test  equipment  will  have 
to  be  improved,  technical  men  need  to  be  better  trained, 
and  performance  tests  must  be  made.  Lack  of  these  will 
no  longer  be  accepted  as  an  excuse  for  complying  with 
the  rules. 

Mr.  Crusan  suggests  that  the  minimum  equipment 
should  consist-  of  a spectrum  analyzer,  wave  form  analyzer 
field  strenth  meter,  oscilloscope,  attenuator,  square 
wave  generator,-  and  a simultaneous  sweep  generator. 

4.  "Key  Frequency  Parameter  Measurements  and 
Instruments " - Linley  Gumm 

3fl3 


Mr.  Gumm  explained  the  more  complicated  measuring 
techniques.  He  presented  slides  which  demonstrated  that 
a Spectrum  Analyzer  can  make  9 out  of  10  of  the  measure- 
ments required  by  the  FCC  rules.  Mr.  Gumm  also  explained 
how 'the  spectrum  analyzer  can  make  the  following  tests: 
Amplitude  Standards,  Frequency  Standards,  CATV  System 


Flatness  Specifications,  System  Fault  Standards, 
Radiation,  and  Video  Characteristics. 


Isolation, 


This  technical  session  explained  thoroughly  the  new 
FCC  . requirements  and  enlightened  the  understanding  of 
cable  television  system  measurements  needs  . 


Great  interest  in  this,  session  was  obvious  due  to 
the  large  crowd  leaving  standing  room  only.  The  ques- 
tions that  were  asked  and  the  serious  concern  that  the 

*r  . . 

cable  operators  have  for  the  new  regulations  caused 
the  session  to  continue  beyond  its  designated  .time. 


CABLE  TELEVISION  TECHNICAL  STANDARDS  — 
CONCEPTS  AND  INTERPRETATIONS 

Sydney  R.  Lines, 

Federal  Communications  Commission 


As  cable  television  enters  its  third  decade,  the  Federal 
Communications  Commission  lias  issued  for  the  first  time  a comprehensive 
set  of  rules  to  pi'ovide  regulatory  guidance  for  the  industry.  An 
analysis  „of  the  new  rules  suggests  that  they  are  intended  to  accomplish 
several  things: 

— —to  encourage  cable  television  to  grow  and  to  function  as 
a social  tool; 

' ' ....  . . y ' ./  ' - . ■■  :V  v- 

-r-to  foi^se  it  to  expand  to  perform  new  functions,  provide 
new  services,  assume ' new  responsibilities;  •* . '■ 

to  protect  existing  communications  ch^lnels  to  an  extent 

consistent  with  the  public  interest; 

- — to  provide  a reasonable  assurance  that  the  subscribing 
public  receives  a television  reception  service  of  at  least 
•a  minimum  prescribed  quality.' 

These  various  aims  do  not  necessarily  lead  to  the  same  ends. 
As  you  may  have  perceived  in  studying  the  new  rules,  compromises  have 
had  to  be  made  and complicated  approaches  have  had  to  be  devised; 
relatively  simple  'matters  have  become  complex/ 

A reading  of  the  new  rules  shows  that  throughout  the  various 
sections  and  subsections,  technical  considerations,  are  interwoven  with 
administrative  and  operational  requirements,  seemingly  in  nonchalant 
unconcern  and  without  due  regard  to  their  impact  on  engineering. 

This  seems  to  be  unavoidable,  either  because  of  the  nature  of  cable 
television  operations,  or  because  of  the  r^gularatory  approach  seen 
necessary  by  the  Commission.  * \ 

The  subject  of  this  particular,  discussion  is  limited  to  that 
special  group  of  rules  which  will  be  found  in  Subparts  A and  K of 
the  new  Part  76  of  the  Commission's  rules.  These  are  the  technical 
requirements,  performance  parameters,  and  definitions  which  cable,, 
television  engineers  and  technicians  'will  find  of  most  immediate  . 
interest.  > . 

Insofar  as  these  technical  requirements  are  concerned,  the 

Commission's  approach  has  been  to  recognize  that  the  end  product 

the  television  signal  delivered  to  the  subscriber is  the  matter 
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of  paramount  concern.  (In  the  future,-  this  may  change. ) The  Commission 
has  avoided  as  rntich  as  possible  any  regulation  of  the  hardware  or  of  the 
distribution  system  design,  preferring  r.ather  to  impose  requirements  on 
the  quality  of  the  signals  delivered  to  the  subscriber.  For  this1  reason 
you  will  not  find  specifications  on,  for  example,  the  maximum'  noise  figure 
of  amplifiers  oi-  head  end  equipment,,  or  on  the  frequency  stability  of  the 
channels  within  the  system.  Instead,  there  are  limitations  on  the  ininiinunj 
signal-  to-no  isj^pa'tio  and  a prescribed  tolerance  on  the  frequency  of  the  , 
. visual  carrier,  frequency  as  it  is  delivered  to  subscriber  terminals. 
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The  Commission' s .approach  also  involves  consideration  of  the 
multitude  of  signals  and  activities  which  soon  will  characterise  cable 
system  operations.  With  local  origination  to  be  required  of  many  system 
the  question  arises;  should  the  -standards  for  locally  originated  programs 
be  the  same  as  for  off-air  signals?  Cable  syotojns  are  expected  to  provide 

facilities  f°r  unspecified  upstream' communications two-way  non-voice 

signals  .'  first  ‘.kinds  of  requirements  should  be  imposed  on  such  signals? 
With  th  pos  ibi!lity  of  pay-TV  or  encoded  television  occupying  some  of  the 
cable  spc.-->  : urn,  what  standards  and  what  limitations  will  be  necessary? 

As  between  these  various  operations., , what  are  the  relative  priorities 
for  interference  p rotation ? Obviously,  no  single  set  of  standards  can  be 
applied  to  sucH  a widelyxrahging and  still  uncertain gamut  of  signals 


Therefore,  the  Commission  provided  for. four  categories -of 
cable  television  channels  which  ahe  distinguished  by  the  kinds  of  signals 
they  carry.  The  definition  of  these  four ’categories  ar.e  found  in  the 
special  section  of  definitions — -Section  76.5  of  the  new  rules.  Briefly, 
Class  I cable  television  channels  are  channels  which  carry  off-air  ' 
broadcast  television  signals.  Class  II.  cable  television  channels  are 
those  ..channels  carrying^lpcally  originated  programs  —"cablecasting." 
Class  III  cable  television  channels,  arc  those  devoted  to  other  forms  of  * • 
downstream  communication  such*  as  facsimile,  encoded  TV,  private  or  closed 
circuit  TV,  digital  or  analog  dp ta , off-air  FK.or  AM  signals.  Class  IV 
channels  are  those  which  carry  upstream  or  "return"  communications.  At 
this  time,  wo  can  imagine  only  some  of  the  kinds  of  signals  upstream 
communications  will  involve  in  the  future.  I contemplate  that  tlie  future 
may  see  the  Commission  setting  up  additional  channel  categories. 


*^v. 


As  a result  of  setting  up  this 'classification,  as  the  cable 
industry  grows  the  Commission  ctyi  proceed  with  a scheduled  expansion  of 
rules  and  technical  standards  for  each  of  the  categories,.  At  this  time, 
obviously,  the  bulk  of  cable  operations  is  concerned  with  traditional 
CATV,  and  with  some  ventures  into  loca^L- Origination  of  various  types. 
Thus  the  technical  standards  which  -Tlie  Commission  adopted  last  March 
are  applicable  only  to  Class  "I  cable  TV  channels. 
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Cl nhs  II  cable  television  channels  probably  will  receive 
v'tteh-t ion  soon-,  frel iminary  staff  studies  already  orb  underway.  Then.  • 
as  experience  dictates,  specif ic  regulations,  and  technical  standards 
for  Classes  III  and  IV  cable  television  channels  will  be  considered.  . 

The  possibility  also  has  been  investigated  of  providing  a separate  set  . v 
of  technical standards  for  cable  systems  operating  in  the  top  5°  markets, 
recognising  that  in  these  markets  there  may  be  a broader  . economic  base  to 
support  increased  performance!  requirements. 

• « . . ‘ 

However,  with  respect  to  Class  I cable  TV  channels,  probably  the 
first  order  of  business  will  be  to  augment  the  technical  standards  already 
adopted  by  adding  subsections  on  such  matters  as  ghosting  arfd  color 
performance,  possibly  other  parameters.  Before  completing-  this,  however,  , 
the  Cormnission  should  have  acquired  enforcement* experience  with  the  rules 
already  adopted  and  some  additional  measurement  methods  should  be-  developed.., 
and..,:, tested. 


Cable ‘TV  Industry  Advisory  Committee. 
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In  adopting  this  procedure  for  gradually  expanding  .the  : / 

rules  and  technical  standards,  the  Commission  rq^ogni zed  that  it  would  have;.  . ;;: 
to  depend  upon  technical  advice  from  various  segments  of  the  cable  television 
industry.  As  outlined  in  Report  and  Order,  the  Commission  served  notice 
that  it  would  call  for  the  formation  of  a cable  advisory  committee.  te- a.. 
result,  the  Cable' Bureau  has  been  deluged  with  the  names  of  tebhhical|;  -.  ' 

experts  who  have  been  nominated  to  sbfve  on  the  Committee.  Althqugh  the  ° 
exact  procedure  which  will  be  followed  has  not  been  determined  ;in  finality 
yet,  it  seems  probable  that  a Steering  Committee  will  be  formed  • from  among 
the-  large  body  o^'  nominees.  Aiid  then,  to  accomplish  individual  missions, 
smaller  working  groups  will  be  formed.  It  ig  our  view  that  work  on  augmenting 
the  existing  technical  standards  to  provide '’performance  requirements  and 
measurement  rrtethods\for  such  things  as  envelope  delay,  differential  phase, 
add-  possibly  cross-modulation  should  come  first.  Possibly  a-t  the  same  time, 
a\ full-scale  study  should  be  launched  to  develop  technical  standards  for 
C.lbss.  II  cable  TV  signals.  One  of  the  unresolved  questions  here  is:  . 

Should  .Class  II  cable  sitenals  be  required  tQ^dhere  to  broadcast  fidelity 
requirements,  or  should  l^ss  rigid  standards  be  permitted?  .One  approach 
would  require  a substantially  higher  investment  in  equipment  and  technical 
personnel  for  which  the  subscriber  inevitably  would  pay.  The  other  would 
permit  a lower  standard  of  technical- performance,  encouraging  cable  operators 
to  invest  more  effort  in  local  origination,  public -access,  and  special  ^ 

educational  or  public  service,  projects.  Insistence  upon  broadcast  standards 
of  quality  would  eliminate,  at  least  for  a time,  the  use  of  relatively 
inexpensive  videotape  equipment  which,  up  to -now-,  has  been  used  extensively 
in  CATV  origination.  However,  experience  to  date  indicates  that  the  1/2- inch 
tape,  while  stimulating  inovation  in  programming,  has  been  somewhatsless 
than  satisfactory  in  practical  performance. 
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Cable  System  definitions.  / , • ’ 

Before  discussing  the  standards  themselves,  I'd  like  to  invite 
attention  in  particular  to  two  of  the  definitions.  Section  7f6. 5 ( ee ) . defines 
J a very  important  point  in  the  system— -the  subscriber  terminal*.  This  is  the 
,*.  point  of  Ciht'el*,face:-betv/een  the  property  of  the  cable  system  and  the 
subscriber-owned  equipment.  If  a set-top  converter  is  supplied  by  the 
system,  and  is  the  last  item  of  cable  equipment  before,  connecting  to 
/•  the  subscriber's  receiver, , then.  the  converter  output  terminals  are  the 
■ subscriber  terminals  for  that  subscriber.  If  the  system  supplies  a length 
of  cable  and  a'b^lun  transformer  at  the  subscriber's  receiver,  then  the  balun 
output  forms  the  \subscriber  terminals..  The  subscriber  terminals '.are  the, 
points  in  the  system  at.  which*  conformity  with  >the  technical  standards,  is  : , 

/ 'determined?  , \ • r ‘ 

The  other  definition  concerns  "system  noise,"  Section  76.5(f-f)f~  ~~ 

Here,  the  noise  of  interest  is  not  confined  simply  to  thermal  or  gaussian 
noise,  but  includes  all  the  various  disturbing  effects  which  are  random 
or  fluctuating  in  nature,  whether  it  is  produced  by  thermal  effects, 

•component  leakage,  modulation  by-products,  or  atmospheric  processes.  In' 
practice  all  of  these  disturbance^/ are  somewhat  similar  in  nature  and  combine 
to  have. a degrading  effect  upon  picture  transmission.  We  see  no  real  merit- 
*;  in  attempting  to- treat  ttyem  individually -by  setting  jip  separate  specifications 
for  thermal  noise  and  the  multiplexing  noise  which  results  from' transmitting"' 
simultaneously  a number  of  signals -.through  a common  channel.  So  the  • 
Commission  adopted  a definition  which  lumps'  all  of  these  phenomena  together-. 

‘ recognizes  that  the  combination  is  an  unwanted  interference  to*  the  picture, 
and.-proyides  a minimum  signal-to-unwarited-interference  ra^tio 'which  must  be 
met  at  the  subscriber  terminals.’,  . ' 

Performance  ’Tests.  * - ,t(*  . 

Now,  turning  to  Subpart  K.  of  the  neu  rules,  we  find  the  first- 
section  (^6.601)  is  entitled  "Performance  tests."  This  section  defines  the 
responsibilities  of  the  cable  system  operator  and  sets  forth  several  matters 
which  he  must  undertake  in  order  to  fulfill  those  responsibilities.  In  * 
//-•■‘addition  to  certain  logging  arjd  record-keeping,  the  cable  operator  is 
'S.  required  to  make  performance  tests  "directed  at  determining,  the  extent  to 
f which  the  system  complies  with  all  the  technical  standards..."  These  are 
to  be  made  annually  and  are  expected  to  be  made  at  three  widely  separated 
points,  at  least  one  of  which  is  representative  of  subscriber  terminals  -\ 
farthest  in  terms  of  cable  distance  from  the  system  input. 

Even  though  the  performance  tests  are  required  to  be  made  annually 
at  only  3 points  on  the  system,  successful  completion  of  the  performance 
tests  does  not  relieve  the  system  of  the  obligation  to  comply  with  all 
pertinent  technical  standards  at  all  subscriber  terminals.  Furthermore, 
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ifVit/is  necessary,  additional  tests  on  the  system  may  be  required %y  theN- 
• Commission'  in  order  to  secure  compliance  at  subscriber  terminals. 

The  approach  the  Commission  has  taken  here  recognizes  t,wo  things: 
the  impracticability  of  requiring  annual  full  performance  tests  at  every 
subscriber  terminal  in  the  system,  and  the  necessity  of  requiring  the  cable 
operator  to  undertake  monitoring  performance  on  a routine  but  thorough  basis. 
Why  require  only  three  measurement  points?  We  consider  that  protectioni’of 
the  subscriber's  interests  could  be  achieved  only  by  increasing  the  number 
of  measurement  points  to  several  dozens,  which  number  becomes  unrealistic. 

So  the  rationale  is  to  rely  upon  the  basic  requirement  that  every  subscriber' 
is  to  receive  a grade  of  service  which  is  obtainable  under  the  technical 
standards,,  that  measurements  demonstrating  compliance  with  the  standards 
would  be  made  o'nly  as  necessary,  but  that  as  a means  of  monitoring  thef#:  : 
general  operation  of  the  system,  a full  set  of  measurements  must  be  made 
.at  a minimum  of  three  poihts  annually'.  This  is  not  a "Proof  of  Performance" 
nor  is  it  intended' to  be.  It  simply  is  a requirement  that  the  system 
operator  take  minimum  steps  to  maintain  his' system  properly,  ^become  capable' 
of  making  cQ.1  the  required  system  measurements,  and  to  keep  those  data  for 
future  reference.  • / , ’ 

W£  think  this  new  requirement  for  a measurement  capability  is  a 
substantial  step  forward.  Our  experience  to  date,  when  being  involved  in 
disputes  over  picture  degradation  or  poor  service,  indicates  that  the  , 
preponderant  majority  of  systems  in  trouble  with  the  law,  so  to  speak, 
do  not  have  an  adequate  measurement  capability.  ;.0ur  field  personnel  find, 
time  and  again,  that  cable  complaints  they  have  been  called  upon  to 
investigate  involve  systems  whose  operators  plead, that  they  don't  know  how 
to  measure  some  of  the  important  performance  parameters,  or  that  they  do  not 
have  the  necessary  equipment,  or  do  not  have  personnel  with  the  necessary 
expertise.  This  is  no -longer  a valid  -excuse.-  The  performance  tests'  rule 
is  effective  now.  - _ 

--Technical  Standards. 

The  next  Section  (76. 605)  of  Subpart  K is  entitled  "Technical 
Standards."  Here  are  outlined  about  a dozen  different  parameters  which 
affect  the  quality  of  .cable  service  and  for  which  threshold  or  limiting, 
values  are  listed.  These  technical  standards  are  applicable,  to  the  system 
performance  as  measured  at  any  and  all  subscriber  terminals.  ••  It  may  be 
of  use  to  discuss  several  of  them  here.  _ • 

We  were  surprised  to  find  that,  of  all  of  the  technical  standards 
adopted,  the  matter  of  visual  carrier  frequency  tolerance  occasioned  the  most 
comment;  The  standard  which  the  Commission  adopted  provides  for  a frequency 

tolerance  of  plus  or  minus  25  kHz  for  the  visual  carrier.  Y However , in 
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recognition  of  the  difficulties  of  obtaining  a frequency  stfibility  of 
this  amount  in  set-top  converters  of  current  design,  the  Commission 
provided  further  that,  when'  set-top  converters  were  supplied  by  the  cable 
system,  the  applicable  tolerance  is  plus  or  minus  250  kHz.  Objections  to 
this  latter  tolerance  have  been  that  it  is  too  loose,  that  it  is  too  tight, 
and  that  it  doesn't  apply  to  signals  within  the  system.  We  agree  with  all 
‘three  objections. 


’ A tolerance  of  +250  kHz  does  not  assure  that  the  adjacent  channel 
traps  in  most  television  sets  will  provide  the  protection  that  the  manufacturer 
feels  he  builds1  into  his  receiver.  In  this  respect  that  tolerance  obviously 
is  too  loose.  However,  after  looking  at  the  frequency  stability  which 
reasonably  can  be  expected  from. the  present  generation  of  set-top  converters 
(and  at  the  stability  of  present  TV  receiver  tuners  which  are  of  not  greatly 
different  quality),  we  were  unable  to  conclude  that  \u  substantially  tighter 
tolerance  could  be  specified  in  1972.  ^^/e  are  in  agreement,  however,  with 
suggestions  that  soon  a tighter  tolerano£  should  be  required  and  that  both 
users  and  manufacturers  should  plan  for  this,  now.  The  matter  of  tolerances 
may  be  a future  subject  for  consideration  by  the  Cable  TV  Industry  Advisory 
Committee.  » •• 

.The  other  complaint  about  the  frequency  toleriuice  specification 
involves  a situation  like  the  following  hypothetical  case.  Suppose  a •c'ystem 
is  receiving  channel  8 off  the  air  and  carrying  it  straight  through  the 
system  to  the  subscribers’  converter  inputs  unchanged  in  frequency.  It.  also 
is  receiving  a UHF  station  and  converting  it^  to  channel  7 for  delivery  tq  the 
subscriber  converters.  Now  assume  that  because  of  instability  in  the  head 
end  equipment,  the  channel  7 signal  drifts  upward  and  overlaps  the^channel  8 
signal  as  they  appear  at  the  input  to  the  converter./'  The  subscriber  attempting 
to  view  channel  8 gets  a lot  of  disturbance  in  his/picture  from  channel  7* 

And  he  can’t  tune  it  out  becuase  the  converter  simply  shifts  both  frequencies 
together.  The  converter  adjustment  permits  either  signal  to  be  delivered 
to  the  subscriber  terminal  within  tolerance , ^but  neither  can  be  delivered 
without  interference.  The  required  tolerance  is  not  applicable  to  signals 
within  the  cable  system.  To  protect  the  subscriber,  the  argument  is  made, 
we  need  an  additional  specification.  '• 

/ 

The  additional  specification'  already  is  in  the  rules,  Sections 
76.605(a)(9)  and  76. 605(a) (10).  Either  or  both  may  apply.  If  the  disturbance 
to  channel  8 from  channel  7,  or  vice  versa,  is  great  enough  to  exceed 
either  specification/the  cable  operator  is  obligated  to  apply  the 
appropriate  correction.  If  he  can  clear  the  problem  without  correcting  the  \ 
channel  frequencies  within  the  system,  that’s  his  prerogative,  but  it  seems 
obvious  that  the  first  thing  he  would  do  would  be  to  get  chapnel  7 back  1 . 

on  frequency. 
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To  sum  it  up,  I thX-hk  tin?  best  we  arm  cay  nbout  cable . ^'ciuahic.y 
tolerance  is  that,  :is  experience  indicates -and.  as. -technology  permits i it  will 
bo  made  more  restrictive.  Tffi:  cubit,  operator  should  plan  on  that. 

* * *.  . % ‘ i 

Signal  levels.  ■ 

Section  ?(>. 605(h)(5)  in  :.t  specification  on  the  permissible  valuation 
in  levels  which  may  be  delivered  to  subscribers.  The  most  vigorous  reaction 
sto  thig  specification  comes  from  broadcasters.  Some  feel  strongly  that  it  is 
imperative  that  the  Commission  specify  a maximum  signal  level,  on  the  grounds 
that  if 'too  strong  a signal,  is  delivered  by  the  system,  overloading  may  occur 
in  the  subscriber's  receiver*,  causing  picture  degradation.  The  Commission's 
approach  recognised  that  we  don't  know  what  the  maximum  permissible  signal 
.should  be — it  varies  from  receiver  to  receiver  and  from  channel  to  channel. 
What's  more,  there  is  disturbing  evidence  that  the  overload  threshold  may  be 
substantially  lower  when  the  iinput  consists  of  several  strong  signals  on 
adjacent  channels  than  when  the  input  is  only  a single  strong  signal.  We 
simply*  do  not  know  enough  at  this  time  about  the  effects  of  applying  a dozen 
or  two  dozen  strong  adjacent  channel  signals  to  present  day  receivers  to  adopt 
a safe  upper. limit  on  visual  signal  level.  The  qualitative  limit  which  the 
Commission  adopted-  is  preferable , I think,  to  an  inflexible  quantitative 
limit  for  which  we.  have  little  authoritative  measurement  data  to  justify. 

The  qualitative  limit  which  the  Commission  adopted  also  gives  the  cable 
engineer  *a  latitude  in  the  design  of  Ids  syttem  which -should  help  him  cope 
effectively  with  the  myriad  individual  ...circumstances  he  encounters  in -real 
life. 


The  provision  in  76.605vh)(5)  regarding  the  maintenance  of  signal 
. level  requires  clarification.  As'  adopted  by  the  Commission,  the  rule  reads,  \ 
1 in  part,  "The  visual  signal  level  on  each  channel  shall  not  vary  more  than 
i.  12  decibels  overall..."  The  provision  lW>  not  been  thoroughly  understood, 
rl  think  it  will  be  modified  soon  to  read v MThe  visual* signal  level  on  each 
‘channel  shall  not  vary  more  than  12  decibels  within  any  2^-hour  period.. ." 

;The  purpose  of  the  requirement  is  to  restrict  the  permissible  variation 
caused  by  temperature  fluctuations,  amplifier  instability,  switching 
^-operations,  or  whatever,  to  no  more  than- 12  dB  over  a day's  opera  t ion  •' 

bable  system  radiation.  ‘ v '* 

. ' • ! r*  . 

v Section  76. 605(a) (12)  also  may  .undergo  some  modification  shortly. 

This  is  the  provision  restricting  radiation  from  the  cable  system.  The  rule 
as  adopted  by  the  Commission  fails  to  make  clear  a rather  obvious  qualification: 
radiation  from  the  system. is  not  amenable  to  measurement  at  subscriber  terminals 
as  are  the  other  technical  standards  but  should  be  measured  by  techniques 
outlined  in  a following /Section  ol  the  rules. 

In  this  connection,  radiation  from  the  system  also  may  provide 
indication  of  leakage  into"  the  system.  There  have  been  several  reports 
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recently  of  problems  clue  to  pick-up  of  land  mobile  signals  in  the  150-170  MHz 
band.  Interference  of  this  sort  can  be  particularly  difficult  to  find  and 
eliminate  unless  the  cable  system  is  well  shielded  and  grounded  in  an 
effective  manner.  The  land  mobile  signals  are  intermittent  or.  sporadic — 

on-again-gone-again but  they  can  cause  no  tend  of  displeasure  to  your  *c 

subscribers  who  may  want  y to  watch  midband  channels.  It  is  strongly  recommended 
that  the  cable  operator  /inaugurate  a frequent  schedule  for  checking  both 
for  radiation  from  the  System  and  leakage  into  the  system. 


Measurements  and  procedures. 


The  commission  has  adopted  a rather  lengthy  rule  for  the  cable 
operator’s  guidance  with  respect  to  measurement  methods.  The  rule  is  not 
intended  to  restrict  the  cable  operator  to  only  thosev methods  described  in 
the  text.  It  is  aimed  rather  at  * illustrating  techniques  and  procedures  which 
probably  will  be  accomplished  yrith  ease  and  acceptable  accuracy.  .Other  methods 
and  variations  upon  the  outlined  methods  may  be » acceptable.  And,  conversely, 
the* mere  use  of  a suggested  technique  will  not  assure  the  operator  that  his 
measurements  will  be  found  acceptable.  The  Commission  will  review  the  - 
statements  concerning  the  measurement  technique  and  /the  resulting  data,  looking 
for  evidence  of  technical  competence , integrity and  accuracy.  In  making  these 
measurements,  the  operator -or  his  consultant  must  not  ignore  the  opening 
statement  of  this  section:  ’’Measurements  made  to  demonstrate  conformity 

with  the  performance  requirements  set  forth  in  Sections  76.601  and  76.605 
shall- be i made  under  conditions  which  reflect  system  performance  during 
normal  operation...”  Obviously,  some  system  measurements  cannot  be  made 
with  the  system  under  completely  normal  operations.  It  may  be  necessary  to 
disconnect  antennas,  drop  a channel,  or  remove  a pilot  tone  in  order  to 
accomplish  some  measurements.  However,  steps  should  be  taken  to' ensure  that 
the  rest  of  the  system  functions  as  normally  as  possible.  The  purpose  of  the 
language  is  to  preclude  making  measurements  which  bear  no  real  relationship 
to  conditions  of  normal^operations. 

* ex  . :r 

It  is  recognized  that,  in  promulgating  a group  of  technical 
stand?/trds  and  in  launching  the  necessary  enforcement  effort  the  standards 
will  entail,  the  Commission  in  a sense  is  pioneering  in  an  area  where 
regulation  has  not  been  applied  before.  A great  deal  of  attention  probably 
will  be  paid  to  reviewing  the  cable  standards  program  and  its  progress 
and  possibly  some  early  readjustments  of  the  rules  will  be  made.  Certainly, 
extension  of  the  technical  standards  to  cover  other  facets  of  cable  operation 
is  to  be  expected  soon.  I think  that  the  cable  operator  should  recognize  and 
appreciate  that  will  this  effort  is  evidence  of  the  high  expectations -which 
the  government  and  the  public  have  for  cable  communications. 
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CRITICAL  STEPS  TO  COMPLIANCE 

. . 4 ..  . : 

Norman  Penwell  y 

Malarkey,  Taylor  & Associates 

These  remarks  are  limited,  to.  the  steps  required  to  comply 

with  the  technical  aspects  and  standards  of  the  recently 

" • \ . . / . 

adopted  (2  February  1972)  rules  for  Cable  Television  Service, 

Part  76:,  Subpart^K,  T’echnical  Standards  of  the  FCC  Rules  and 
Regulations  on  Tc^ccormnunicatiori. 

Initially,  the  rules  exempt  any  system  that  serves  fewer 
than  50 • subscribers  and  those  systems  that  serve  only  residents 

in  apartment  dwellings  under  common  ownership,  control,  or 

'■••••  X '• 

..  ..  i X . 

management.  All  other  systems  musst  comply. 

A system  is  further  defined  as  "each  separate  and  dis- 
tinct community  or  municipal  entity  (including  single,  discrete, 

'■.i.  . ,/ 

unincorporated  areas)  served  with  cable  television  facilities, 

"even  if  there  is  a single  head-end  ana  identical  ownership 

■ • . \ . 

of -facilities  extending  into  seveial  communities"-.  Each  system 

thus  defined  must  comply  separately  with  the  new  rules. 

> . ’ • . . ' ‘ ' \ 

New  systems  may  not  commence  operation  nor  may  existing  \ 

systems  add  television  broadcast  signals  until  they  have  re- 
■ - - ; • / ^ ’ : 

ceived  a certificate  of  compliance.  Existing  systems  cannot 

continue  carrying  television  broadcast  signals  bey<5nd  March.  31, 

1977  without  obtaining  a certificate  of  compliance  (unless 

’ ■ ■ / 

application  was  made  at  least  30  days  prior  to  the  need  for 

certification) . f 
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Para  76.13  identifies  methods  of  filing  applications 

for  certificates'  of  compliance  for  the  four  different-  .--" " ' 

categories  of  applicants;  (1).  cable'sy stems  not  operational 


prior  ta- March  31 , 3 372-,  (2)  systems  authorized  to  carry 

signals  prior  to  March  31,  1972,  but  wore  not  yet  operational, 
(3)  systems^  proposing  to  add  television  signals,  and  (•!) 


.systems .with  existing  operations.  No  standard  form  is  pre- 
scribed but  the  information  to  be  filed  for  each  of  the  above 


categories  must  be  submitted  in  three  copies  to  the  FCC. 

Para  76.201  requires  systems  of  3,500  or  more  subscribers 
to  designate  a channel  for  the  exclusive  use  of  operating  as  a 

local  outlet,  originating  programming  tafca  significant  extent 

K 

and  providing  facilities  for  such  local  production,  (subject 
of  course  tb  disposition  of  the  current  litigation  of  this 
issue  in  the  courts) . ' 


Systems  that  operate  in  whole  or  in  part  within  one  of 

#*■ 

the  major  television' markets  must  comply  with  the  minimum 
channel  capacity  and  access  channel  rules.  For  new  systems 
commencing  operations  after  March  31,  1972  the  rules  are 

’ ’ ■ ’ Jj”  ■ • 

effective  immediately,  other  systems  must  comply  by  March  31, 
1977  or  earlier  if  television  signals  are  added  to  the  system 
or  if  access  channels  cire  designated,  the  rules  governing 
their  operation  will  apply. 

These  rules  require  a miriimum  of  120  MHz  (20  television 
channels)  be  made  available  for  immediate  or  potential  use; 
that  6 MHz  of  capacity  be  made  available  for  Class  II  and  III 
channel  use  for  each  Class  I channel  carried;  thcit  the  -s. 


/ 


/ 

/ 


distribution  plant  be.  .capable  of  noii~voi.ee  .return  communica- 
tions; that  at  least  one  channel  shall  bo  designated  for  each 
of  the  access  categories,  'general  public,  education  and 
local  government;  that  at  least  minimum  equipment  and  facil- 
ities be  made  available  for  program  production  on  the  public 
access  channel;  that  unused  time  on  the  local  origination 
and  designated  access  channels  be  made  available  for  leased 

jaccess  services,  and  further*  when  all  of  these  channels  are 

» « 

in  use  during  80%  of  the  week  days  for,  80%  of  the  time  during 
any  consecutive  three-hour  period  for  6 consecutive  weeks, 
a new  channel  shall  be  made  available  within  6-  months  for  any 
or  all  of  these"  purposes  . 

Subpart  K of  the  Rules,  relating  to  Technical  Standards 
is  effective  immediately,  that  is.  March  31,  1972.  Para  76.601 
of  -the  rules  requires  that  each  system  be  designed,  installed 
-.and... operated  in  a_manner-;^that„.fully  complies  with  the- rules  in 
this  subpart.  This  means  that  immediately  system  operators 
must  maintain  in  their  ].ocal  system  office  a listing  of  the 
cable  televis  'on  channels  that  the  system  delivers  to  its  sub- 
scribers, the  station  (s ) whose  signals  are  * delivered  to  sub- 
scribers on  these  Class  I cable  channels , and  a specification 
for  each  subscriber  of  the  minimum  visual  signal  level  main- 
tained on  each  Class  I channel  under  normal  operating  condi-  • 
tions . 

* t • 

. 

Each  system  operator  must  conduct  performance  tests  at 
least  once  during  each  calendar  year;  this  means  that  the 
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first  set  of  measurements  must  be  made  and  must  be  kept  on 
file  at  the  system's  local  office  by  no  later*  than 
December  31,  1972.  Thereafter,  intervals  between  measure- 
ments may  be  as  long. as  14  months,  but  in  any  event, 
measurements  must  be  made  and  kept  on  record  for  each  calendar 

year  (including  1972)  for  five  years,  and  must  be  made  avail-, 

' : \ 

" able  for  inspection  to  the  Commission  or  the  Commission's 
field  representative  on  request. 

The  tests  are  to  be  made  to  determine  the  extent,  to 

V \ • 

which  the  system  performs  in  compliance  with  the  standards 
’ ^ . * . * . > 
prescribed  in  para  76.605.  For  new  systems  commencing  opera- 
tions after  March  31,  1972  compliance  with  the  standards  in 
76.605  is  immediately  mandatory ; for  systems  in  operation 
prior  to  March  31,  1972  compliance  is  not  mandatory  until 
March  31,  1977  except  for  the  rules  governing \radiation  which 
are  in  effect  immediately.  

■ Performance  tests  must  be  made  on  each  Class  I television 

• • - j . .i  - 

channel  identified  abov^  in  the  listing  and . for  each  system/ 

' . ’ ■.  / ( ' " ' ■ . ‘ ‘ \ 

community  or  entity  satisfying  the  Commission's  definition  \ 

of  CATV  system.’  Further,  for  each  Class  I channel,  the  tests  ' 
shall  be  performed  at  three  widely  separated  points  in  the 
distribution  system  of  which  at  least  one  is  representative 
of  the  subscriber  terminals  most  distant  from  system  input. 
Although  Para  76.605  (a)  requires  performance  to  comply  with 
the  rules  at  any  subscriber^terminal , the  measurements  them- 
selves mav  be  made  at  convenient  monitoring  points  if  the 

• • . x ~ : 
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technical  data  are  included  to  relate  the  measured  performance 
to  the  performance  as  would  be_viewed  through  a nearby  £ub- 
scriber  terminal.  ' 

This  provision  would  allow , for  example,  a system  to 
establish  high  signal  level  monitoring  points  out  of  the  last 
line  extenders  in  the  distribution  system.  Genetally\there 
would  be  no  active  devices  beyond  this  point  and  the  sub- 
scribers  terminals.  In  the  case  of  systems  using  set— top  con- 
verters we  believe  that  laboratory  measurements  can  be  used 
to  relate  their  performance  to  a subscribers  terminal.  This 
provision  of  the  rules  thereby  relieves  any  system  operator 
of  the  necessity  to  .gain  access  to  subscribers  property  to  \ 
make  performance  measurements. 

Part  of  the  Rules  with  which  systems  must  comply  and 
maintain  records  of  compliance  for  inspection  by  the  Commis- 
sion are  those  r.e l.a t ing  to  radiation.  The  radiatioVi  limitations 
are.  effective  immediately  and  measurements  demonstrating  this 
fact  must  be  On  hand  at  the  local  system  office  no  later  than 
December  31,  ID 72.  As  presently  defined  in  Para  76.601  these 

measurements  must  be  made  on  .each  Class  I television  channel 

. , ' \ ■ 

at  each  of  the  three  widely  separated  subscriber- locations , 

but  the  intent  of  the  rules  as  just  explained  by  Mr.  Lines  of 
the  FCC  is  to  include  any  radiation  from  the  cable  system,  and  the 
precise  wording  of  the- rules  will  probabiy  be  amended  to  effect 
this  intent. 
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Next,  a few  comments  about  some  of  the  measurement 

\ 

problems.  For  example,  measurement  of  visual  carrier 

• a 

frequency  is  not  as  easy  as  it  might  sound.  A calibrated 

iJ 

signal  generator  can  be  mixed  with  each  visual  carrier  and 

the  zero  beat  identified  with  either  a high  resolution 

• . . - 

spectrum  analyzer  or  on  the  screen  of  a television  receiver.- 

Using  a receiver  for  this  purpose  though  presents  problems  since 
the  signal  generator  carrier  will  beat  with  each  of  t tie.  15  kHz 
sidebands  of  the  visual  carrier  and  absolute  identification  of 

the  correct  zero  beat  is  difficult.  Alternatively  a frequency 

/ ‘ \ 

counter  can  be  used,  sampling  the  visual  carrier.  The  modu- 

’ / , 

laition  of  the  carrier  must  be  removed  before  the  counter  will 

/ ' ■ . 

read  properly.  The  "black  box"  to  do  the  modulation  stripping 

joes'  not  yet  exist  as  off-the-shelf  equipment  so  each  engineer 
rill  have  to  develop  his  own  equipment  for  this  purpose. 

I..  see_  no  reason.  why  the  aural- -carrier  need  be  measured 

••  ) ’ • ’ • 

since  its  relationship  to  the  visual  is  established  at  the 

broadcast  transmitter  and  carriage  on  cable  docs  not  affect 
this  relationship.  In  the  few  cases  of  Class  I channels  re- 
ceiving inputs  from  microwave  systems  that  separate  the  visual 
and  aural  carriers,  or  from  direct  studio^  feeds,  the  aural 
carrier  must  then  be  measured  to  assure  compliance  with  the 
rules . 

The  wording  of  para  76. 605  (a)  (2)  appears  to  exempt 
systems  using  converters  from  the  + 25  kHz  tolerance  and  to 
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apply  only  the  +_  250  kHz  requirement,  however  the  intent,  of  . 

" 'V,  '•  ■ 

the.  rules,  which  will  no  doubt  be  clarified,  is  not . to 
relieve  the  system  of  the  requirement  for  + 25  kHz  tolerance 
but  to  restrain  the  visual  carrier  frequency  stability  ,ar 
viewed  through  the  converter  at  the  subscribers  terminals 
to  + 250  kHz.  ■ 

In  complying  with  the  visual  signal  level  requirements 
the  critical  aspect  is  in  maintaining  calibration  accura'cy 

of  the  signal  level  meter.  Typically  in  broadcast  field 

\ ♦ 

\ measurements  it  is  customary  to  calibrate  the  field  meter 

\ before  and  after  each  reading,  and  if  the  calibration  has  . 

\ . • 

changed  the  process  must  be  repeated  until  one  is  satisfied 
t^e  calibration  has  held  constant  during  the  measurement 
process.  Most  broadcast  field  strength  meters  have  built  in 
calibrators  for  this  purpose.  No  such  instrument  is  avail- 
•"able,  for  the  CATV  industry,  yet  accurate  signal  level  measure- 
ment^ are  the  very  keystone  to  proper  system  operation.  The 
adjustments  of  amplifier  input  and  output  leVels,  governing 
overload  distortions  and  noise  are  critically  dependent  upon 
accurate  level  measurements,  yet  this  is  probably  typically" 
the  single  weakest  link  in  system  operation  and  maintenance. 

A good  calibration  procedure  will  be  mandatory  in  comply- 
ing with  the  rules;  the  calibration  should  be  traceable  to  the 

. National  Bureau  of  Standards.  For  example,  a laboratory  signal 
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generator  with  calibrated  output,  a bolometer ; power  meter 
Jbo — trans f dr  d-c  calibration  to  r-f,  or  the%  Selby  Micro- 
potentiometer  can  be  used . to  accurately  cal  ibrate  the 
signal  level  meters. 

A calibrated  spectrum  analyser  would  also  be  most,  use- 

f ' 

ful  for  these  level  'measurements  since  photographs  could 
be  taken  as  records  of  the  measurements,  and  the  single  dis- 
play could  show  the  level  relationship  between  all  visual 
and  aural  carriers  that  are  required  of  Para  76.605  (a)  , (4)  , 

(5)  and  (6) . 

J*  * • -■*  • / . 

The  hum  and  low  frequency  disturbances  are  to,  be  measured 
relative  to  the  visual  signal  level  (sync  tips),  which  will 
require  baseband  equipment  such  as  an  osci  lloscope  to  display 
the  bar  and  window  -test  signal.  . Measurement- of  window  tilt 
then  will  be  evidence  of  low  frequency  response. 

Channel  frequency  response  can  be  measured  with  a signal, 
generator  input  at  the  system  head-end.  In  thle  case  of  wide- 
band  antennas  such  as  log-periodic  the.  input  ct  the  first 
active  amplifier  seems  ’ satisfactory ; in  the  case  of  a single 
channel  yagi  antenna,  open  field  measurements  may  be  required 
to  demonstrate  compliance.  In  the  case  of  tower  mounted  • 

preamplifiers,  the  inputs  must  be  to  the  preamp  ar.d -since  this 

• » * - ✓ 1 ‘ ‘ 

S • " ^ ^ 

is  going  to  be  physically  difficult  we  would  recommend  a 
separate  downlead  be  installed  and  used  for*  this  purpose. 
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Someone  would  still  have  to  climb  the  tower  to  make  the^^lfngc!-* 
over  for  the  measurement  but  test  equipment  would  not  be  neces- 
sary on -the  tower.  New  system  design  ought"  to  include  facilities 

' * " V’  ’ ■ - ''  A'  v ‘ ■ • _ A ./  , ' 

for  coaxial  switching  at  the  fcowor  mounted  proamp  input  for 

these  test  purposes.  The  sweep,  or  signal  genGratpr^obyipualy 

. ' ...  - # . . i 

must  operate  through  the  UHF  band.  ' . . : ’ t / 

.t  ' ’ ' " • ■ ••  . ...  ..J.  ;• 

The  NCTA  Standard  005—0659  describes  a method  oiycy stem*'*' 

V v \ v 

noise  measux-pnient  that  can  bo  accomplished  using  the  signal 

level  meter,  but  the  requirement  of  para  76.605  (a)  (9)  holding 

_■  , *;  : " r ■"*  - i: 

off-set  , co-channel,  interference  to  36  dB  will  probably  require  ^ 
a high  resolution  spectrum  analyzer  for  identification  and 

* * \y. 

level  measurement  of  the  co— .channel  (s) . It  the  interference  f 


:.vid- ••  .... 


is  limited  to  one  easily  identified  off-set' co-channel  the 
level  can  be  ascertained'  by  measuring  the  level  of  the  10' or 


20  kHz  of f-set  beat . With  the  level  of  the  desired  channel 
and  the  beat  frequency  both,  known,  the  level  of  the  inter- 
fering co-channel  can  be  calculated. 

Compliance  with  Para  76.605  (a)  (10)  may  also  require /the 
use  of  a spectrum  analyzer.  It  is  probably  not  going-  to  bl 

. ■ ts'~  '\  ' , . .'-**■  ! 

possible  to  measure  discrete  .interfering  signal  levels  at 
-46  dB  with  a field  strength  meter  as  indicated  in  Para 
76.609  (f)  of  the  rules.  If,  for  example,  system  noise  is 
au  —40  dB,  the  typical  SLM  will  read  approximately  -43  dB 


i&'?  \ 

mm 


(allowing  corrections  for  bandwidth,  peak-to-rms , and  detector  A; 

. , •.'•:*  ' •••.-  - ■ ;■  . • ■ *•’ 

non-linearities).  A discrete  interference  /at dD  would 


therefore  be  about  3 dB  below  the  noise  level  and  impossible 
to  ide^ti  fy . * . A v 
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CATV  DISTORTION  MEASUREMENT  TECHNIQUES 

Jerald  S.  Crusan 
Mgr . CATV  Field  Engineering 
.v  , JERROLD  ELECTRONICS  CORPORATION 

i’  ' ■ 

:vv  \\  ' . ' . 

v-'  '•*  ■./!  :VS*  : 

The  general  industry  acceptance  of  mid  and  superband 
channels  heralds  a new  era'  in  system  maintenance.  To  meet 
the  challenge  one  must  understand  the  factors  that  contri- 
bute to- the  distortions  and  develop  the  techniques . necessary 
to  diagnose  and  remedy  problems  while  in  their  infancy.  The 
measurement  of  CATV  distortions  is  not  a difficult  assign-  / 

ment,  however  it  does  require  proper  instrumentation.  . . 

One  of  the  major  points  of  this  paper  is"  to  present  one 
important  fact,  YOU  CANNOT  MEASURE  COHERENT  DISTORTIONS 
WITH  A FIELD  STRENGTH  METER.  To  attempt  to  measure  a 
component  55  dB  below  carrier  in  the  presence  of  a 40  dB  ... ;/ 

Carr ier-to-Noise  ratio  is  like  looking  for  the  proverbial/’ 
needle  in  a haystack.  The  methods  described  in  this  paper  ‘ : 

are -based  on  two  receiving  devices,  (a  spectrum  analyzer/ 

•J’k'*.. .’.'-v  ’• 

v;/; !. 

O'- 

T; ..••• 

and  a wave  analyzer ) V - ••/ 

I . ; V : . • ../• • 

The  spectrum  analyzer  is  a swept  recei  :r  that  provides  \ - 

a CRT  display  of  amplitude  versus  frequency.  It  shows  \ 

how.  energy  is  distributed  as  a function  of  frequency, 

displaying  the  fourier  components  of  a given  waveform. 

1 • *• 

'S  /* 

■ The  wave  analyzer  can i be  thought  of  as  a finate  band-  ■ 

width  window  filter  which  can  be  tuned  throughout  a 
particular  frequency  range.  .Signals  located  on  the 
frequency  spectrum  will  be  selectively  measured  as  they 
are  framed  by  the  window. 

••• 

;];• K, •:? 5)'/i 

Both  of  these  units  have  one  thing  in  common,  narrow 
/ ^ bandwidth.  When  the  wave  analyzer  has  a bandwidth  of  25  \ 

cycles  it  will  show  an  improvement  over  the  600  kc  F.S.  M. 
of  44  dB  in  regards  to  the  measurement  interference- caused 

■■  ’•  v 

::>v;  ' : . 

Pfe  Mi 

k-; K/-., ; '<  - 

by  system  noise.  A spectrum  analyzer  with  300  cycle  band- 
V width  will  offer  a 33  dB  improvement.  Basically  this  means 
; / you  can  measure^ a second  order  component  66  dB  below  carrier 

in  the  presence  of  a 40  dB  carr ier-to-noise  ratio,  with-  1 

either  instrument.  The  F.S. M.  is  limited  to  about  -35  dB*  . 
below  carrier  at  the  same  carr  ier-to-noise  ratio.  ' ' 

: y ■■  'v  ' : : ’ j.  ’ 
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SECOND  ORDER  i 

• ■ • ; - . ■ . ■ : i 

The  mathematics  that  follow  are  not  of  any  great  importance 
to  anyone  other  than  a designer,  however  there  are  a few 
important  aspects  that  the  formulas  clarify. 

(1)  Second  order  increases  one  dB  for  each  dB  increase 
of  amplifier  output  level. 

(2)  Second  harmonics  are  6 dB  less  than  sum  and  difference 

beats  for  the  same  output  carrier  levels.  ■ 

SUM  AND  DIFFERENCE  LEVELS  IN  dBptV^AT  AMPLIFIER  OUTPUT 
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SECOND  HARMONICS  LEVELS  IN  dBmV  AT  AMPLIFIER  OUTPUT 
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where 


— and  k2  are  constants.  They  are  complex  numbers 
describing  the  first  and  second  order  gain,  phase  shift 
and  distortion  properties  of  the  amplifier.  To  permit 
easy  mathematical  development  consider  them  to  be  constant 
for  all  input  signal  frequencies.  Measurement:  on  practical 
amplifiers  prove  that  in  reality  this  is  not  the  Ncase  and 
care  must  be  exercised  before  drawing  conclusions  concern- 
ing real  amplifiers  from  the  mathematical  considerations. 

is  a decibel  constant  characterizing  second  order 
distortion.  / : 


expressed  in  dBmV 
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Lab,  Lbc,  Lac 
L2a>  L2b>  L2C 
La , Lb , Lc 
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^b ' fc 


Sum  and  difference  .beats  in  dBmV 
Second  order  harmonics  in  dBmV 
First  order  output  levels  in  dBmV 
Corresponding  frequencies 


When  you  read  a amplifier  specification  sheet  the  infor- 
mation you  should  be  concerned  with  is  listed  in  these 
/terms  Second  Order  = -66  dB  at  + 50  dBmV  output. 

\The  equipment  supplier  is  saying  the  following,  (at  +50 
dBmV  output,  when  operated  within  the  recommended  operating 
parameters  i.e.  slope,  gain,  tilt,  etc.  this  amplifier 
will  not  produce  a second  order  component  that  will  not 
be,  less  than  66  dB  below  the  nearest  carrier).  1 

The  trunkline  amplifier  is ‘ typically  not  operated  at  +50 
dBmV  output.  If  you  operate  the  amplifier  at  +30  dBmV 
output  the  amplifier  deration  for  second  order  will  be 
50  - 30  = 20  dB,  and  -66  - 20  = - 86  dB  second  order  for  . 

• thffe  amplifier..  When  you  have  a cascade  of  32  amplifiers 
identical  to  this  amplifier  you  can  expect  the  second  :t 

order  to  increase  3 dB  each  time  you  double  the'tcascade  . 
of  1,  2,  4,  8,  16,  32  is  equal  to  five  doubles.  The 
expected  second  order  will  then  be  -86  + 15  = 71  dB 
below  the  nearest  carrier.  When  the  amplifier  station 
is  not  a direct  double  subtract  (dB  - 10  Log^Q  N) , from 
-86  where  N = the  number  of  amplifiers  in  cascade. 

The  above  information  will  allow  you  to  determine  the 
level  of  second  order  you  should  expect.  The  remainder 
of  the  article  will  clarify  the  methods  of  measurement 
and  the  analysis  of  the  results. 

Figure  1 is  a spectrum  analyzer  view  of  -the  new  sum  and 
difference  components  generated  when  two  first  order  com- 
ponents are  introduced  to  an  amplifier  with  second  order 
distortion.  Note  that  in  addition  to  the  two  original 
carriers,  there  are  four  additional  new  components.  These 
are  the  sum  and  difference  beats  of  F^  and  F2  plus  the 
second  harmonics  of  and 

Figure  2 applies  the  basic  knowledge  of  figure  1 to  a 
CATV  system.  The  dif f erence- of~channel  2 carrier  and 
channel  5 carrier  is  28  MHz.  The  second  harmonic  of  channel 
4 carrier  is  134.5  MHz  or  channel  C in  the  midband.  Channel 
8 carrier  minus  channel  2 carrier  = 126  MHz.  When  the  VHF 
carrier  frequencies  were  assigned  the  second  order  problem 
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was  recognized  and  with  the  exception  of  channel  6 sound 
carrier  (the  second  harmonic  is  175.5  or  channel  7)  the 
12  channel  systems  do  not  fall  prey  to  second  qrder  dis- 
tortion. .V 

The  addition  of  the  mid  and  super-band  channels l increases 
the  total  number  of  beat  products  to  a point  of  mass  con- 
gestion. ! "v 


Channel  13  - 2 = 156  MHz 

Channel  J.  - 3 = 156  MHz  

Channel  K - 4 = 156  MHz 

The  measurement  of  a singular  second  order  product  is  increased 
in  difficulty  if  you  need  to  worry  about  additional  products 
that  may  cloud  the  final  results.  . Remove  all  carriers  from 
the  system  with  the  exception  of  the  contributing  carriers 
and  system  support  carriers,  i.e.  slope  and  gain  control 
carriers,  plus  carriers  adjacent  to  support  carriers  if 
necessary  due  to  slope  or  gain  dependency  resulting  from 
inadequate  pre-selection  in~the.._9jnplifier  circuitry. 

Figure  3 depicts  some  carriers  that  may  be  used  for  the 
measurement.  The  basic  reason  these  carriers  were  selected 
was  due  to  their  position  within  the  passband.  There  is 
one  low,  one  mid  and  one  high.  The  worst  case  condition 
for  second  order  distortion  is  usually  a high  minus  a low 
falling  into  a mid  band  channel. 

Channel  13  - 2 = 156  MHz.  The  second  order  beat  will  usually 
fall  within  20  kc  of  156  MHz  depending  upon  the  exact  fre- 
quencies of  channels  .?  and  13.  The  beat  will  be  1.25  MHz 
below  channel  G v i s ua plus  or  minus  the  above 
mentioned  20  kc  and  any/^nahnel'  G deviation  from  standard 
frequency.  . 

Figure  3 is  representative  of  the  results  you  would  obtain 
with  a spectrum  analyzer  with  70  dB  dynamic, ,\ range . The 
spectrum  analyzer  reads  peak  amplitude  an(Sr*the  readout  is 
directly  in  dB.  This  figure  illustrates  a second  order 
product  at  156  MHz.  The  product  is  50  dB  below  the  G \ 

carrier  peak  amplitude.  The  product  at  110.5  MHz  is  the 
second  harmonic  of  channel  2.  Second  harmonics  are  typically 
six  dB  less  than  sum  and /difference  beats. 

Figure  4 outlines  the  equipment  setup.  • 
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The  spectrum  analyzer  approach  is  the  easiest  method  to 
measure  second  order.  The  three  drawbacks  to  this  approach 
are: 

1.  Cost 

2.  Portability 

3.  Measurement  sensitivity 

If  you  have  ever  priced  a spectrum  analyzer  with  a 70  dB 
dynamic  range  the  first  drawback  is  - self-explanatory . If 
you  plan  to  fly  and  check  the  unit  as  baggage,  leave  the 
office  early,  pack  an  extra  tube  of  Ben  Gay  ointment  and 
make  sure  your  company  carries  insurance.  This  is  due  to 
the  fact  that  the  airlines  will  not  accept  liability  in 
excess  of  $500.00  unless  you  ship  it  air.  freight. 

Last  and  possibly  least  is  the  measurement  sensitivity. 

The  sensitivity  crossover  point  in  a typical  system  is 
16  to  20  amplifiers  in  cascade.  Prior  to  this  point,  the 
distortion  will  be  undetectable. 

WAVE  ANALYZER  APPROACH 

When  you  select  an  alternate  assignment  of  measurement 
carriers,  the  equipment  costs  are  reduced  to'  a more  accept- 
able pricetag.  The  change  involved  is  related  to  the 
channel  G carrier.  The  frequency  is  shifted  from  157.25 
MHz  to  156.00  MHz.  The  exact  carrier  frequency  is  trimmed 
up  or  down  the  required  amount  to  place  the  second  order 
beat  at  G carrier  + 5 kc.  The  second  order  beat  will  now 
become  a channel  G sideband  displaced  by  5 kc  with  an 
amplitude  relationship  to  the  G carrier  equal  to  the 
differential  in  level. 

The  spectrum  analyzer  method  allows  a simultaneous  view  ^ 
of  the  carrier  amplitude  and  the  second  order  beat  amplitude 
which  yields  a simple  interpretation  of  information.  This 
advantage  is  not  the  case  with  the  wave  analyzer  approach, 
which  leads  us  to  the  calibrator  that  is  necessary  to 
establish  the  reference  level  required  for  the  measurement 
by  comparison  technique.  • 
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The  calibrator  R.F.  input  is  derived  from  a standard  V.H.F. 
signal  generator  tuned  to  156  MHz.  The  switcher  is  driven 
by  a variable  rate  generator.  When  the  second  order  beat 
is  5 kc  removed  from  the  156  MHz  carrier  the  rate  generator 
will  then  switch  the  R.F.  carrier  between  the  test  and 
reference  leg  of  the  switcher  at  5 kc  rate.  When  you  add 
40  dB  attenuation  in  the  reference  leg  the  switcher  output 
will  alternate  between  a test  level  and  a reference  level 
40  dB  down.  V . .... 

The  output  of  the  switcher  is  connected  to  a field  strength 
meter.  The  field  strength  meter  is  tuned  to  the  156  MHz 
carrier  and  the  manual  gain  of  the  meter  is  adjusted  for 
+4  volts  pc  on  the  voltmeter. 

Tune  the  wave  analyzer  to  5 kc.  The  indication  on  the 
meter  at  5'kc  will  be  the  calibration  reference.  The 
reference  will  be  40  dB  down  from  the  156  MHz  carrier. 

Note  the  meter  reading  iri  terms  of  the  number  of  dB's  the 
indication  deviates  from  full  scale  deflection. 

When  the  above  has  been  accomplished  the  system  second 
order  may  be  measured  by  changing  the  F.S.M.  input  lead 
from  the  switcher  to  the  channel  G bandpass  filter  that 
is  connected  to  the  system  testpoint.  _ 

Procedure: 

1.  Check  F.S.M.  tuning  and  retune  to  156  MHz  if  necessary. 

2.  Adjust  manual  gain  for  +4  volts  DC  on  the  meter. 

3.  Remove  30  dB  attenuation  from  the  wave  analyzer  and 
tune  for  maximum  indication.  The  beat  may  not  be  exactly 

5 kc  due  to  instability  of  the  contributing  carrier  generator 

* _ 

4.  The  sum  total  of  the  -40  dB  reference  plus  the  amount 
of  attenuation  removed  from  the  analyzer  plus  or  minus  the 
meter  reading  deviation  from  reference,  equals  the  level  of 
the  second  order  component.  •, 

N 

The  second  method  of  calibration  is  more  difficult  but 
utilizes  equipment  that  is  common  and  readily  available. 

Fig.  6 illustrates  the  equipment  and  the  procedure  is  as 
follows : 

1 . • / . 


127 


121 


1.  Remove  the  40  dB  pad. 

2.  Adjust  the  F.S.M.  tuning  to  156  MHz. 

3.  Remove  output  lead  from  Gen  #2. 

4.  Tune  Gen  # 1 to  156  MHz  and- ad just , level  to  "0"  dBmV. 

5. 

6 . 

7. 


8. 

9.  Tune  wave  analyzer  to  5 kc  and  make  a fine  adjustment 
on  the  frequency  of  Gen  #2  until  the  wave  analyzer  reading 
peaks,  indicating  a 5 kc  difference  between  the  two  signals.  ' 

10.  yAdd  the  40  dB  pad  to  the  output  lead  of  Gen  #2. 

- /•■  : - •:  . ’ '* 

11.  Retune  the  F.S.M.  for  peak  reading  on  voltmeter. 

The  above  results  in  a 5 kc  sideband  40  dB  down.  The  re- 
mainder of  the  procedure  follows  the- outline  presented  for 
the  first  calibration  and .measurement  method. 

' j.  • - ' . . ' 

This  measurement  df  second  order  distortion  is  not  difficult 
when  you  have  proper  instrumentation,  however  I will  list  a \ 
few  of  the  areas  that  may  introduce  errors  in  the  reading.  \ 

A.  Remember  to  maintain  a good  match  at  the  amplifier 
output  port.  Never  let  the  .amplifier  look  directly  into 

a field  strength  meter.  When  the  measurement  is  made  on 
equipment  that  does  not  utilize  an  attenuation  test  probe, 
or  at  least  a 10  dB  down  testpoint,  be  sure  to  isolate 
the  output  match  by  installing  a 10  dB  pad  directly  on 
the  output  of  the  amplifier. 

B.  Tlje  bandpass  filter  at  the  input  to  the  field 

strength  meter  or  spectrum  analyzer  will  prevent  the  gener- 
ation of  second  order  in  the  measurement  receivers.  \ 

* . v 

' * . . •;  ; • ; . • j 

C.  The  calibration  procedure  at  5 kc  is  not  correct  1 

for  any  other  frequency  unless  you  are  sure  the  wave  i 

analyzer  has  a flat  response  to  all  frequencies.  Check  I 

the  response  periodically  with  an  audio  oscillator  of  } 

known  flatness  across  the  measurement  frequencies.  I 

'■  " 1 ■'  \ "l 
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Remove  the  output. lead  from  Gen  #1. 

Reconnect  the  Gen  # 2 output  lead. 

Tune  Gen  # 2 to  156.00  MHz  and  adjust  level  to  ”0"  dBmV. 


Reconnect  Gen  #1  output  load, 
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The  measurement  techniques  outlined  on  the  preceeding  paces 
have  been  tried  and  proven. ;^The  theory  is  sound  and  the 
procedures  lend  themselves  readily  to  field  application. 

With  a few  minor  changes  in  calibration  the  wave  analyzer 
can  measure  any  coherent  product  such  as  triple  beat,  inter  - 
modulation  and  cross  modulation. 


TRIPLE  BEAT 


•'  - ■■  V ;/  . : . 

Triple  beat  may  be  measured  by  using  the  same  procedure 
that  was  used  for  second  order  measurements.  Fig.  7 
illustrates  the  measurement  carriers.  Since  all  the  vi  su-t 
carriers  are  separated  by  6 MHz  the  triple  beat  component 
will  fall  back  oh  the  carrier  plus  or  minus  the  offset  in' 
frequency  due  to  instability  of  the  carrier,  generators. 


The  calibration  procedure  is  the  same  as.,was  used  to  -cal  it  rat 
for  second  order.  The  frequency  of  the  R.F.  source  is  not 
important  because  the  front-  end  of  the  F.S.M.  does  not 
require  calibration.  Itjis  only  the  detector  and  the 
associated  linearity  that:  is  a variable. 


When  you  have  completed  the  40  dB  down  calibration  you  may 
proceed  with  the  measurement. 

1.  Remove  all  carriers  from  the  system  except  channels 
9,  10,  11,  12  and  pilot  carriers. 

2.  Connect  tho  receiver  . to,  the  system  via  a channel  9 
bandpass  filter. 

3.  Tune  the  F.S.M.  to  channel  9 and  adjust  the  manual 
qain  to  +4  volts  at  the  F.S'.M.  video  output. 

. ■ . ' w 

* ft 

4.  Remove  40  dB  of  attenuation  from  the  wave  analyzer7 
*>  and  tune  the  analyzer  for  maximum  indication. 

i . ... 

There  will  be -two-beat  components  (1)  triple  beat 
(2 )•  inter-mod.  The  inter-mod  will  be  6 dB  lower 
in  level  than  the  triple  beat < The  inter-mod  is 
due  to  2 X 10  - 11  and  will  be- at  a different* 
frequency  because  channel  12  is  not  involved. 

Tune  for  the  component  that  is  higher  in  level. 
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5.  The  sum  total  of  the  -40\dB  reference  plus  the  • 

amount  of  attenuation  removed  from  the  analyzer  ? • 
plus  or  minus  the  meter  reading  deviation  from 
reference,  equals  the  level  of  the  triple  beat.. 

It  may  be  desireable  to  perform  a reference  te^t^  at  the 
head-end.  This  will  yield  an  indication  of  the  probable 
beat  frequency  and  prove  the  validity  of  the  field  measure- 
ments . 


Remove'all  carriers  except  9,  10,  11, 

Connect  the  head-end  trunk  cable  to  a 
the  output  level  to  +50  dBmV;. ....  Insert 
on  the  output  and  reduce  the  level  to 
receiver  to  the  variable  attenuator  via  a bandpass  filter 
tuned  to  the  measurement  frequency. 


12  and  pilot  carrier sV 
line  extender,  adjust 
a "variable  attenuator 
"0"  dBmV.  Connect  the 


\ 


The  reference  measurement  may  now  be  made.  Alternately 
removing  carriers  will  verify  that  you  are  measuring  the 
...desired  triple  beat  component.  The  field  measurement  will 
be  at  approximately  'the  same  frequency  but  will  vary  as  a 

function  of  processor -stability.  v ’ 

% * ’ 

CROSS.  MODULATION  , y 
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Cross  modulation  is.  the  transfer  or  "crossing"  of  modu- 
lation from'  the  in  ter  f erring  channel  to  the  desired  channel, 
resulting  -in  a weak  reproduction  of  the  picture  that  the 
interferring  channel  super- imposed  on  the  picture  being 
vic-wed..  Since  the  receiver 's  horizontal  scanning  is  syn- 
chronized  with  the  wanted  signal  but  usually  not  with  the 
interferring  one.  The  two  horizontal  frequencies  usually 
differ  slightly  and  the  interferring  picture  moves  back 
and  forth  across  the  screen  reproducing  slanting  bars  which 
give  the  windshield  wiper  effect.  I 

Since  it,  is  difficult  to  measure  cross-modulation  on  the 
wanted6 channel, . this  measurement  has  usually  been  done 
with  a CW  s ign a 1\  substituted,  for  the  wanted  picture  signal. 
Where  cross  modulation  exists,  it  results  in  a j variation 
in  the  peak  voltage  of  an  otherwise  unmodulated  signal 
substituted  for  the  wanted  carrier.  Percent  cross-modul- 
ation is  defined,,  as  100  times  the  ratio  of  this  variation 
- to  the  maximum  peak  voltage. 
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The  equipment  .required  to  measure  cross-modulation  will 
^.consist  of  a transmitting  and  a receiving  package.  The 
most  desirable  transmitting  package  is  a multi-carrier 
signal  generator.  Output  frequencies  corresponding  to 
the  standard  VHF  channel  assignments  plus  additional  mid, 
sub  and  super-band  frequencies—  This  head-end  substitution 
transmitter  must  also  contain  individual  modulators  for 
each* carrier  and  a two  position  switch  for  choosing  either 
CW  or  modulated  carrier.  It  is  also  very  desirable  if  the 
unit  possess  individual  carrier  level  control. 

O ■ . . 

If  you  desire  to  buy  a transmitter  remember  the  old  saying, 

•'  "haste  makes  waste."  Transmitters  on  the  market  today 
| range  from  $7,000  to  $14,000,  and  you  should  attempt  to 
squeeze  every  ounce  of  return  from  your  investment. 

First  of  all  consider  the  variety  of  testing  you  will  be 
performing  and  which  frequencies  will  be  involved.  Second 
order,  channels  2,  G,  .13,  T7,  T8,  and  T9.  Triple  beat, 
channels  9,  10,  11,  12,  T8,  T9,  T10  and  a 30  MHz  carrier., 
Carr ier-to-noise  channels  2,  13,  0,  T7  and  T10.  Group 
delay,  channels  2,  3,  13,  T10  an<^  30  MHz.  Automatic  slope 
channels  4 and  11,  AGC  depends  upon  your  system  pilot  carrier 
frequency.  y 

The  total  channels  in  numerical  order  are  T7 , T8,  T9,  T10, 

30‘ MHz; - 2 , 3,4,  pilot  carrier,  G,  9,  10,  11,  12,  13  and  0. 
Total  number  of  channels  is~'16..  Since  the  generators  are 
usually  built  to  order  you  can  select  the  frequencies  you 
desire.  Remember  that  the  measurement  of  second  ordex 
with  the  wave  analyzer  requires  that  the  beat  falls  within 
a few  kc  of  the  measurement  carrier.  Therefore  channel 
T7  should  be  6 MHz,  T8  12  MHz,  T9  18  MHz,  T10  24  MHz 

and  channel  G 156  MHz. 


/ 


The  initial  cost  of  the  transmitter  is  far  outweighed  by 
the  advantages  it  offers.  The  following  is  a partial 
list : 

/ 

1.  Due  to  the'  fact  that  the  system  service  must  be 
interrupted  for  cross-mod  testing, the  available  testing 
time  is  limited  to  two  or  three  hours  of  early  morning 
work.  Time  then  becomes  a very  important  commodity  and 
efficiency  is  the  word  of  the  day.  The  carrier  generator 
will  allow  you  to  reduce  the\equipment  set-up  time,  in  /the 
head-end  by  a factor  of  10,  which  allows  you  more  time  for 
system  testing.  \ ^ 
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2.  Since  the  head-end  remains;  bas ically  intact  you 
do  not  run  the  risk  of  head-end  equipment  malfunction  due 
to  re-arrangement  of  processor  operating  parameters  and 
levels . 

3.  If  you  have  ever  desired  to  build  a independent 
lab  for  evaluating  products,  this  unit  is  definitely  for 
you. 

Figure  8 .-a.  depicts  the  second  method  which  requires  a 
processor  that  has  provisions  for  modulating  the  internal 
standby  carrier.  Some  processors  have  terminal  strips 
that  will  accept  baseband  information  and  produce  an  out- 
put that  is  modulated  at  the  aforementioned-  baseband  fre- 
quency. If  your  processor  does  not  have  this  capability 
you  may  be  able  to  use  a alternate  method  depending  upon 
the  availability  of  a 45.75  MHz  I.F.  tie  point.  The 
sequence  is  outlined  by  figure  8. b.  and  the  following 
procedure : 

An  audio  frequency  generator  with  a 15, 750  .Hz  square  wave 
output  is  utilized  to  modulate  a modulator  at  100%.  The 
frequency  is  relatively  unimportant  but  it  can  serve  as  . 
one  of  the  modulated  carriers.  A sample  output  can  serve 
as  the  input  to  a processor,  whouse  output  in  -turn  would 
serve  as- the  second  modulated  carrier.  The  processor  I.  F. 
module  output  then  can  be  sampled  with  a directional  coupler 
and  the  processor  output  level  re-established  jwith  the 
coupler  insertion  loss  in  place. 

The  sample.. signal  at  the  I.F.  frequency  is  then  divided 
equally  and  inserted  at  the  input  of  the  I.F.  amplifier 
in  each  of  the  remaining  channel  processors.  All  of  the 
outputs  including  the  CW  outputs  which  are  established 
by  the  signal  replacer  of  the  desired  test  channels  should 
be  operated  at  normal  system  levels. 

Before  leaving  the  head-end  you  should  always  make  a reference 
cross-modulation  measurement  to  assure  the  receiving  package 
is  in  good  working  order.  Normally  the  measurement  will 
be  very  low  and  will  be  noise  limited  in  the  range  of  -90 
to  -100  dB.  ^ . 

j 

Referring  to  figure  4 for  receiving  point  test  set-up  the 
measurement  is  accomplished  as  follows:  . 
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a.  Develop  a 40  dB  down  reference  reading  on  the 
wave  analyzer  by  utilizing  the  calibrator  in  the  manner 
outlined  in  the  section  of  this  paper  titled  Second  Order 
Measurements.  The  calibration  procedure  for  cross  modu- 
lation is  slightly  different  than  in^the  case  of  second 
order  and  triple  beat.  The  attenuator  should  be  adjusted 
for  44  dB  of  attenuation  due  to'che  differences  of  sine 
wave  and  square  wave  jnod.uia't ion . This  amount  of  attenu- 
ation will  develop  a reference  that  is  40  dB  down  from 
carrier.  When  the  calibration  procedure  is  comp 
continue  with  these  outlined  procedures. 

/ _ 

b.  Connect  the  sysj^m-'-test  point  to  the  input  of  the 
bandpass  filter  tha-fe-'-TrS'tuned  to  the  measurement  channel. 
Connect ^tlje-^trEput  of  the  bandpass  filter  to  the  input  of 
_tjie— f-feld  strength  meter.  - Tune  the  field  strength  meter 
to  the  desired  measurement  channel  and  increase  the  field 
strength  .meter  gain  until  the  voltmeter  indicates  +4  VDC. 


c.  Tune  the  wave  analyzer  frequency  control  to  obtain 
maximum  deflection  at  15,750  Hz.  (This  may  require  the 
removal  in  steps  of  10  until  a useable  scale  indication 
is  reached  on  the  wave  analyzer  meter).  The  direct  read- 
ing of  cross  modulation,  (in  dB)  imposed  on  the  CW  carrier 
by  the  presence  of  the  modulated  carriers  will  be  equal 
to  the  sum  of  40  dB  reference,  plus  the  attenuation  removed 
from  the  wave  analyzer  attenuator,  + the  final  deflection 
of  the"  meter  from  reference  setting. 


d.  Refer  to  the  chart  enclosed  to  translate  this 
cross  modulation  to  the  system  channel  capability  by  add- 
ing or  subtracting  the  indicated  amount  to  the  reading. 

SYSTEM  RADIATION 

System  radiation  shall  be  limited  as  follows: 

Up  to  and  including  54  MHz,  15  microvolts  per  meter  at 
100  ft.  From  54  to  216  MHz,  20  microvolts  per  meter  at 
10  ft.  Over  216  MHz,  15  microvolts  pdr  meter  at  100  ft. 

•.  . - " . i 

It  is  difficult  to  measure  20  microvolts  per  meter  utilizing 
a tuned  half  wave  dipole  and  the  standard  field  strength 
meter . 
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To  clarify  the  point,  assume- that  the 
radiating  20  microvolts  per  meter  at  10 
12.  If  this  is- the  case  the  standard  field 


cable 
ft. 


system  is 
on  channel 
strength  meter 
connect ed'"t'o  the  output  of  the  dipole  antenna  must  be 
^capable  of  measuring  a -46  dBmV.  This  is  not  practical 
with  the  standard  field  strength  meter.  However,  you  may 
make  the  situation  slightly  more  tolerable  by  adding  a pre- 
amplifier between  the  dipole  antenna  and  the  field  strength 
meter  and  the  level  will  be  within  the  sensitivity  range. 


The  additional  noise  from  the  field  strength  meter  due  to 
the  low  input  level  will  further  obscrure  the  reading  when 
the  measurement  is  attempted.  At  300  MHz,  expect  the  carrier 
to-noise  to  degrade  by  an  additional  3.3  dB.  When  the 
measurement  is  made  at  channel  2 expect  the  carrier  to  noise 
to  improve  by  11.3  dB. 

j 

In  summation  the  technique  is  useable  for  frequencies  up 
to  100  MHz,  but  for  frequencies  higher  than  100  MHz  the 
results  would  be  questionable.  The  aforemention  analysis 
is  predicated  on  the  assumption  that  the  field  intensity 
of  cosmic  noise,  atmospheric  noise,  and  man-made  noise 
is  not  excessive. 


Unfortunately  the  median  value  of  both  urband  and  suburban 
man-made  noise  is  in  excess  of  10  microvolts  per  meter  when 
measured  with  a 600  kc  bandwidth  field  strength  meter.  The 
facts  at  this  point  indicate,  that  the  field  strength  meter 
is  not  the  receiving  instrumentation  necessary  to  measure 
such  low  values  of  radiation.  -• 

However  these  low  values  can  be  measured  if  we  utilized 
the  spectrum  analyzer.  The  spectrum  analyzer  can  perform 
the  measurement  for  two  basic  reasons.  Increased  sensitivity 
and  the  ability  to  reduce  the  receiver  bandwidth  to  the 
point  that  noise  is  not,  objectionable. 

CARRIER-TO-NOISE 

The  average  field  strength  meter  is  designed  to  measure 
the  voltage  and  the  dBmV  levels  of  CW,  FM  carriers  and 
television  signals  in  cable  systems.  Although  it  is  not 
. calibrated  for  noise  levels,  with  suitable  correction,  a 
meter  can  be  used  for  this  purpose. 
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Two  factors  prevent  it  from  reading  noise  levels  directly 
and  both  must  be  taken  into  account  in  the  correction. 

One  source  of  error  is  in  the  bandwidth  of  the  average 
field  strength  meter  which  is  approximately  .6  MHz.  Since 
noise  power  is  proportional  to  bandwidth,  the  apparent 
noise  will  be  reduced  by  a factor  of  8.2  dB,  which  is  the 
decibel  equivalent  of  a power  ratio  of  4 MHz  divided  by 
.6  MHz.  The  second  error  occurs  in  the  opposite  direction. 
It. is  due  to  the  fact  that  the  average  field  strength  meter 
utilizes  a peak  detector.  Peak  detectors  will  attempt  to 
respond  to  the  noise  peak  better  than  reading  the  RMS  noise. 
Since  noise  has  a higher  peak  to  RMS  ratio  than  the  CW 
signals  the  detected  output  reads  high.  As  its  output  is 


reduced  the  efficiency  c 
closer  to  RMS  so  more  tc 
low  end  of  the  meter  sea 


f the  detector  is  lowered  and  reads 
tal  correction  "is  needed  at  the 
le'. 


Figure  9 illustrates  thej  maximum,  average  and  minimum 
correction  values  depenclent  upon  the  needle  position  on. 
the  dBmV  scale  of  the  fijeld  strength  meter.  The  appropriate 
.correction  corresponding  to  the  needle  posiiy.on  on  the 
scale  is  then  added  to  tihe  measured  lev-el  tof obtain  true 
noise  level. 


TEST  DESCRIPTION 

The  carr ier-to-noise  ratio  should  be  measured  utilizing 
the  lowest  and  highest  carrier  frequency  transported  by  :;f 
the . transmiss ion  system.  These  frequencies  should  generally 
be  considered  to  be  the  worst  cases  if  the  system  frequency 
response  is  held  within  + 3 dB.  The  carriers  shall  be 
generated  by  the  head-end  processing  equipment  and  the 
receiver  package  shall  consist  of  one  variable  attenuator 
and  one  field  strength  meter.  Previously  mentioned  field 
strength  meter  correction  factors  can  be  verified  by  meas- 
uring any  known  noise  source,  but  this  is  usually  not 
essential. 

TEST  PROCEDURE  * : 

A.  Connect  a drop  cable  from  the  system  testpoint  to  the 
input  of  variable  attenuator. 


B.  Connect  the  output  of  the  variable  attenuator  to  a 
bandpass  filter  that  is  tuned  to  the  measurement  . 
channel. 
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C.  Connect  the  output  of  the  bandpass  filter  to  the  RF 
input  of  the  field  strength  meter. 

$ . 

D.  Insert  60  dB  of  attenuation  in  the  variable  attenuator; 
operate  the  field  strength  meter  at  the  range  required 
to  obtain  a meter  deflection  of  0 dBmV  on  the  scale 
when  tuned  to  the  measurement  carrier. 


E.  Remove  the  measurement  carrier  from  the  transmission 
system. 

* s V 

F.  ■>;,  Remove  attenuation  from  the  variable  attenuator  until 

the  meter  deflection  returns  to  0 dBmV  output  on  the 
scale. 


Tune  the  field  strength  meter  plus  or  minus  1 MHz  and 
null  the  meter  reading. 


Remove  attenuation  from  the  variable  attenuator  until 
the  meter  indication  returns  to  0 dBmV  on  the  scale. 

I.  Note  the  total  amount  of  attenuation  removed,  this 
indicates  the  uncorrected  carrier- to-noise  ratio. 

J.  Subtract  the  4.2  from  the  above  curve  for  the  true 
carrier-to-noise  ratio. 

There  are  a few  procedures  that  must  be  followed  to  insure 
that  the  measurements  are  accurate.  Step  G indicates  that 
the  field  strength  meter  tuning  should  be  moved  above  and 
below  the  carrier  in  search  of  a null.  The  reason  for  this 
becomes  quite  apparent  when  we  attempt  to  measure  the 
carrier-to-noise  in  the  feeder  system. 

When  channel  13  is  used  as  the  referenced  carrier  for  noise 
measurements  there  will  be  a discrepancy  in  the  reading  due 
to  the  addition  of  triple  beat.  A 12  'carrier  CATV  system  . 
will  produce  13  triple  beats  that  fall  directly  on  channel 
13  plus  or  minus  the  frequency • stability  and  their  respective 
output  converters.  * 


The  noise  level  measured  when  channel  13  is  removed  is 
equal^Tto  the  noise  plus  13  triple  beat  components  that 
fall  within  the  field  strength  meter  passband. 
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The  de-tuning  of  the  field  strength  meter  will  result  in 
some  relief  due  to  triple  beat  interference.  It  would 
be  advantageous  to  remove  all  the  carriers  from  the  system 
except  the  pilot  carrier,  slope  carriers,  and  carriers 
adjacent  to  .these  control  carr iersSlC^The  bandpass  filter 
preceding  the  fie  ip  strength  meter  i required  basically 
to.  reduce  any*  poisstble  - beat  combinat  i ns  within,  ‘..ho  meter. 

In  the  attempt  to  measure  a 50  dB  carrier-to-ncise  ratio 
care  must  be  taken  not  to  introduce  ‘Vrcrs  clue-  to  the 
selectivity  of  the  field  strength  meter  The  channels 
adjacent  to  the  measure  carrier  should  be  removed  from 
the  'system  to  prevent  adjacent  channel  addition  to  the 
noise . . 

CARRIER  TO  HUM  / 

\ . ' 

Since  most  CATV  amplifiers  are  powered  from  a 60  cycle  AC 
source  ithere  will  always  be  some  value  of  power,  supply 
ripple  ;on  the  DC  supplies.  This  ripple  will  modulate  the 
signal  going  through  the  amplifier.  Hum  modulation  will 
appear  on  the  television  receiver  as  horizontal  bars  that 
move  up  or  down,  so  it  is  necessary  to  test  amplifiers 
and  systems  to  insure  that  this  effect  is  not  objection- 
able. 

The  test  prqfcedure  for  determining  the  percentage  of  hum 
modulation  is  as  follows: 

1.  Assemble  the  test  equipment  as  shown  in  figure  10. 

2.  Connect  the  system  test  point  to  the  RF  input  of  the 
field  strength  meter. 

3.  Tune  the  field  strength  meter  to  any  CW  signal  present 
'f  on  the  system  including  the  pilot  carrier;  When  the 

system  utilizes  automatic  slope  amplifiers  that  are 
tuned  to  a modulated  carrier  you  will  be  required  to 
introduce  a hum  free  source  of  CW  at  the  system  origin- 
ation point. 

4.  Sync  the  oscilloscope  to  the  "line"  at  a frequency 
of  30  or  60  cycles. 

5.  Adjust  the  oscilloscope  coupling  to  D.C. 


FIG* . IO 


6.  Set  the  field  strength  meter  to  "Manual  Gain"  and 
adjust  gain  until  the  meter  reads  full  scale.  Now 
^adjust  scope  gain  and..cen ter ing  so  that,  with  the 
signal  source  disconnected,  or  the  vertical  input 
grounded,  the  trace  is  on  the  bottom  line  of  the 
oscilloscope,  and  With  the  source  reconnected  it 
goes  to  the  tenth  line.  This  adjustment  sets  the 
relation  between  oscilloscope  deflection  and  C-W 
' level  so  that  each  division  on  the  screen  utilized 
represents  a 10%  change  in  level.  Since  hum  modu- 
lation is  usually  symmetrical  (varying  both  above 
and  below  the  modulated  level)  percent  modulation 
follows  the  rule 


I 


f 
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v Emax  - Emin 

Percent  Mod.  = 100  X 

Emax. + Emin 

"Referring  to  Fig.  11 

7.  For  convenient  measurement,  switch  the  scope  to  a 
a-c  coupling  and-5  center  the  trace  vertically.  If 
the  % modulation  is  so  ..low  that  it  cannot  be  measured* 
increase  the  scope  gain.  10  times  and  divide  the  final  - 
percentage  hum  modulation  reading  by  10. 


A. low  pass  filter  may  be  utilized  between  the  field  strength 
meter  and  the  oscilloscope  if  you  desire  to  reduce  the 
amount  of  system  noise  present  during  the  measurement. 

X*-  • • ' / " ' , ' 

" The  low  pass  filter  is  usually  not.  required  unless  you 
are  attempting  a measurement  of  1%  or  less.  An  ordinary 
power,  combiner  with  the  AC  side  connected  to  the  oscillo- 
scope will  fill  the  bill.  . i / 


CHANNEL  FREQUENCY  RESPONSE 

The  channel  frequency  response  is  a measurement  of’  system 
gain  at  various  frequencies  within^  the  6 MHz  bandwidth 
assigned  to  each  standard  television  channel.  The  methods  . 
of  jneasurement  are  related  in  concept  to  the  approach  taken 
in  normal  bench  sweep  techniques  with  a few,  changes  in  pro- 
cedure necessary  to  insure  accurab  results. 

• ■■  i 

1.  The  continuous  method. 


Standard  sweep  generator  located  at  head-end, 
operated  at  low  sweep  levels. 
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b. 


Produces  severe  interference 
rece ivers . 


on  teiev 
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Requires  traps  at  AGC  carrier  frequencies  to  reduce 
sweep  energy  contribution,  which  alters  AGC  amplifier 
levels i ■ 


The  simultaneous  method. 

\ 

a.  Simultaneous  sweep  transmitter  located  at  head- 
end,  operated  at  high  sweep  levels. 


b.  Produce  Sr -unobjectionable  interference  on  television 
receivers.  " / 

t c.  Increased  equipment  cost. 

y . 

Both  approaches^  are  basically  the  same.  A carrier  is  swept 
from  the  lowestr-system  frequency  to  the  highest.  The  effects 
of  system  gain  at  various  frequencies  within  the  system  pass- 
band  produce  variations  in  the  amplitude  of  the  CW  carrier  as 
it  travels  through  high  and  low  gain  points  in  the  passband. 
The  sweep  receiver  unit  transforms  the  RF  amplitude  variations 
to  DC  variations.  The  DC  variations  are  then  displayed 
on  an  oscilloscope  in  the  form  of  a trace.  Th^  high  and 
low  points  of  the  .trace  can  be  .frequency  identified  by 
mixing  a known  RF  signal  with  the  sweep  prior  to  detection. 
This  will  cause  a beat  on  the  trace  at  the  point  the  sweep 
- frequency  coincides  with  the  known  RF  marker  signal.  The 
difference  in  system  gain  at  dif ferent_£requencies  may  now 
be  determined  by  adding  a variable  attenuator  prior  to  the 
sweep  receiver  and  adding  attenuation  until  the  frequency 
with  the  highest  amplitude  rests  at  the  same  point  on;  the 
oscilloscope  as  the  frequency  with  the  lowest  amplitude 
occupied  prior  to  the  level  decrease.  I 

\ • . ' ■ \ . ' 

Fig.  12  is  an  illustration  of  the  simultaneous  sweep;  system. 

The  sequence  is  as  follows  for  a 500  kc  to  300  MHz  sweep. 

■ \ ...  '. 

1.  A variable  rate  generator  in  the  transmitter  triggers 
>a  ramp  generator. 

2.  The  ramp  generator  begins  at  "0"  volts  and  increases 
in  a linear  fashion  to  seven  volts. 

...  ..  , i . • . ' . 

* ' ' \ - ' 

\ ; 
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3.  The  ascending  ramp  voltage  frequency  modulates/  the 
sweep  generator.  When  the  ramp  voltage  increases 
the  sweep  generator  output  frequency  increases. 

4.  The  output  of  the  sweep  generator  is  passed  through 
a "diode  gate,."  and  into  the  trunk  system. 

- ' / 

5.  ' During  the  2 millisecond  sweep  time  the  CW  carrier 

has  progressed  from  500  kc  to  300  MHz  and  the  system 
non-uniformities  in  gain- have  acted  on  all  the  individua 
frequencies  within  the  system  passband. 

6.  .The  sweep  receiver  detects  the  sweep  signal  and  dis- 
plays the  resultant  information  on  a CRT. 

Fig. 13  indicates  two  time  marks.  Ignoring  any  delays  in 
time  due  to  signal  propagation  or  group  delay  will  aid  in 
explaining  the  trace  display. 

Time  1 shows  the  ramp  voltage  at  four  volts.  When  the 
ramp  input  to  the  sweep  generator  is  four  volts  the  sweep 
generator  output  is  at  160  MHz  and  the  system  for  this 
instant  in  time  is  amplifying  a CW  carrier  at  160  MHz. 

The  trace  on  the  CRT  indicates  the  amount  of  gain  the 
system  exhibits  at  160  MHz. 

Time  2 shows  the  same  informations,  only  this  time  at  240  MHz.  . 
Ramp  voltage  = 6.2  volts,  frequency  = 240  MHz.  The  trace 
indicates  that  160  MHz'  is  3 dB  lower  in  amplitude  than 
240  MHz.  This  may  be  due  to  lower  amplifier  gain  at  160 
MHz  relative  to  240  MHz,  tor  excessive  loss  in  a passive 
or  passive  devices  at  240  MHz-. 
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OREilCAL  CONVERSION  FOR  CROSS  MODULATION  DISTORTION 
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KEY  FREQUENCY  ' 

PARAMETER  MEASUREMENTS  AND  INSTRUMENTS 

Liivley  Grinm 
Project  Engineer 
TektronL::,  inc. 


/ 


Measuring  CATV  system  purf  c .nee.  *.\as  been  spot.1.  Lgh  ted  by  new  F' 
rules  rc-ijLi  per  i.  :d:c  sysi-...r.  :u.:  formance  tests,  'but,  then, 

system  performance  moasuretion  t;s  k *\>  always,  been  important.  and 
in  re.ct*nu  * ears  have  ‘been  ru:x:v;.  - increasing  attention*  Ais*‘ 
recei  ving  i..crc.asint  a t tent  ter;  ar*  .spectrum  analysers  to  meet 
uveas urcmo.Mi  needs. 


Figure  1 slices  a synopsis  of  the  FCC's’  specifications  as  well  as  a 
^list  'o:  specifications  that  might  be  used  as  engineering  standards, 
in  a high  quality  system.  Of  course,  tiie  engineering  standards  £»re 
cons  id*:,  r airly  tighter  since  tae  aim  cf  establishing  these  standards 
is  to  achieve  nearly  fiawiess  performance , All- of  the  standards 
relating  to  signal  amplitude,  spun’  us  signals;  cross  modulation, 
s ignai  - Co-noise  ratio,  hum  and  radiation  can  be  measured  easily 
with  a « cove  rum  analyzer.  . However,  some  of  these  standards  such  as 
carrier  frequency  and  system  flatness  cannot  be  measured  by  spectrum 
analyzers  alone.  in  tiu  : ,:v  /ears,  great  strides  have  been 

made  i.;  t rum  . ana  : y :e  : ■ ye r romance . Spectrum  analyzers  such*  as 

the  TEKTRONIX  7L12  are*  ava Lab ie  v: th  absolute  calibration  that 
reads 'the  input  level  dire^-iy  without  external  calibration.  They 
also  have  accurate  Logarithmic  displays  that  read  directly  in.  db. 
as  well  as  highly  Linear.  ;alibratoi  frequency  sweeps  for  maxing 
frequency  d i f ference  . measurements  p lus  many  more  features  that 
make  RF  measurements  easy* 


Other,*  more  economical,  spectrum  analyzers  such  as  the  TEKTRONIX 
1'tO.lA-i  with  fewer  featuresyire  also  available*  This  analyzer  nis c 
has  a logarithmic  displav  , lrhear  In  dB,  but  it  cannot  make 
measurements  without  first  referring  to  its  Internal  calibrator. 
This  is  a slight  inconvenience  when  compared  to  the  7 L 1.2 , but  it  is 
a relat  ively  easy  instrument  to  use , The  striking  advantage  rf  the 
IA01A-1  is  tit..: t It  is  a .small,  ligut,  highly 'portable  batter/** 
operated  instrument  suitable  for  field  work.  But  it  La  restricted 
somewhat  in  performance  and  cannot  make  some  of  the  more  difficult 
measurements.  However,  it  an  make  all  of  the  amplitude  measure- 
ments with  use.  * • 
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All  Standards  Relate  to  Values  at  Subscribers’  Terminals 


Ami rrm:  stewards 

a)  Mlnimua.  visual  sy no-lip  level 
M Maximum  visual  jync-tip  level 
«. ) * tax  i r.ur:  amp  lituJe  diffe  ren  ce  between 
visual  carriers  Wdz  apart  i 

d)  Maximum  amplitude  difference  between 
anv  visual  carriers 
c)  Minimur:  visual /aural  ratio  . 
f ) Max i mum  v i s ua  1 / aural  rat  i o 
>•)  Maximum  KM  station  amplitude  * 

h)  Minimum  I'M  st.u.  Ion  ■ anpl  itude 

i ) Ma x i mum  va  r i a t ion  bet  ween  FM 

’stations  en  adjauvnt  channels 

j)  l.unc-term  variations  in  amplitude 

1 ARDS 

a)  Visual  frequency  ac curacy 

b)  l utcrcarrier  frequency 
r)  . I*M;‘  f requeue)*  accuracy 
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3d!l 

1 2dti 
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i\UV  i>YSiKM 

nJ  Ampl  i t udo  response  within  any  TV  22d3 

channel 

b)  \nplitude  response  for  entire  spectrum 
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p* peak  to  peak 
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d)  i n»ss  r.edul at  ion  ratio 
. ) Ur  fleet  ions  wi  th  in  sys  ten  (shadows i 


.»)  Mum  or  low  frequency  variations 
l>)  Visual  catrier  to  noise  ratio 
(-•.MH.*.  MU')  . 

»■)  Visual  carrier  to  coherent  spurious 

signal  ratio  (i.o..  ititermodulat  i onK.. 


l:b;J:Ai  h}N 

a)  Subscriber  to  subscriber  i 
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1 Hdb 

• 
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• 100 

.20..V/M  ■; 
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* no 

VJJ'iil lULH.yXULl JAAV  h/ccu  sysi:* is) 

a ) !)  i i K* veil  t i a 1 p.a  in  ■ 

!•)  niifereutial  phase 

*')  l.uwlope,  delay  variations 


Fig.  /,  CATV  system  specifications. 
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AMPLITUDE  MEASUREMENTS 


Figure  2 shows  a spectrum  analyzer  display  of  a typical  TV  signal. 
The  visual  carrier  is  the  largt*  signal  to  the  left,  and  the  aural 
carrier  is  the  large  signal  to  the  right.  The  smaller  signal 
between  the  visual  and  aural  carrier  is  the  chroma  subcarrier, 
carrying  the  color  information  in  the  picture.  Measurement  &f  the 
visual  carrier  frequency  is  made  with  a TEKTRONIX  Type  7D14 
Digital  Counter.  The  character  readout  of  this  frequenev  is  at 
the  top  left  on  the  CRT . ■ The  rest  of. the  readout  presents  most  of 
the  pertinent  scale  factor  information  needed  to  interpret  the 
photo.  The  upper  center  format  indicates  the  vertical  scale 
factor  of  tile  display  as  10  dB  per  division  in  this  case.  The 
upper  right  indicates  the  input  signal  level  to  produce  full  scale 
deflection,  or  -10  dBm.  The  6 dB  minimum-loss  pad  is  used  to 
convert  the  input  impedance  to  75  SI.  To  convert  the  reading  to 
dBmV , add  55  dB  to  the  reading  in  dBm.  In  this  case,  the  output 
level  is  +45  dBmV.  The  format  at  the  lower  left  indicates  the 
bandwidth  that  the  analyzer  IF  uses  to  separate  the  various 
components  (resolution  bandwidth)  is  30  kHz.  At  the  lower  right, 
the  readout  indicates  the  horizontal  scale  is  1 KHz  per  division. 


Fig.  2.  Typical  .TV  signal.  A 7D 14  was  used  to  Fig.  3.  CATV  head  end  output, 

measure  the  visual  carrier  frequency.  ,, 


Figure  3 shows  the  head  end  output  of  a CATV  system.  The  system 
is  located  in  Portland,  Oregon,  wjiere,  before  the  new  FCC  rules, 
it  could  not  import  any  foreign  signals.  \ Therefore , the  system 
is  lightly  loaded,  carrying  only  the  six  local  TV  signals  (2,  3, 
6,  8,  10,  12),  as  well  as  nine  EM  stations.  At  the  time  this 
photo  was  taken, '“Channel  3 was  not  on  the  air. 


The  photo  shows  the  general  condition  of  the  head  end:  the 

readout  shows  that  the  vertical  scale  factor  is  10  dB  per  division 
and  the  reference  level  is  -10  dBm  (+45  dBmV).  Channel  2 is  the 
first  signal  on  the  left,  with  the  visual  and  aural  carriers  in 
the  same  relative  positions  as  in  Figure  2.  The  visual  level  of 
Channel  2 is  +31  dBmV  and  the  aural  level  is  +22  dBmV  for  a 
v.isual/aural  ratio  of  9 dB. 

/> . 


The  large  carrier  ; ;•  tb; 

(Hit put  ci  the  c :a:vn<  •.)  3 strip 
a I r . The  Channe  ! visua  I cut: 
to  the  r i gilt  of  the  Channel  2 
(-1.5  dBmV).  Channel  »*. , the  r.e 
operating  at  the  same  output 
loss' ’ -Visua  l/aurai  ratio.  Th. 
are  the  unprocessed  FM  earn 
onto  .the  cable.  . The  blccis 
are  the  processed  FM  sipr.al- 
(+17  dttmV) . The  htghrband  s - 
w i thin  3 db  of  *?  ach  other.1  :.e 
1 ow-  hand  signals;  this  s v s *;  n; 
va  r i o us  1 ow-  1 e ve  1 s i srn a 1 s h e r 
pi  to  to  such  as  tills  can  serve 
a tabulation  off  seme  of  the  s 


. t of  Channel 


:he  aural 


amplifier  when  Channel  3 is  off  the 
nut  under  these  conditions  is  just 
aural  carrier  at  a level  of  -70  dBm 
:<t  TV  station,  is  correctly 
-vel  as  Channel  2,  but  with  a 3 db 
low- level  signals  above  Channel  8 
is  broadcast,  leaking  through 
;t bars  just  above  the  FM  carriers 
:t  an  amplitude  of  -38  c! Bm 
. ;;a Is  (Channel  8,  10,  13)  are  all 

anvp  I ; tuiio  than  the*  . 
\ iter  tin- 

are  identified,  . 
t h a t e v e n i n c 1 1 u:  o s 


:ij  greater  :.n 
Toys  block  til 
the  carriers 
; svstem  recar. 


’.nous  signals 


Moving  the  frequency  span  to  !.0  M’.iz  per  division^  and  slight!” 
retiming  the  center  f recuencp  > we  arrive?  at. Figure  4.  here  : v.c  ;v 
detailed  view  of  the  low  band  and  the  FM  band  is  obtained.  voU- 
t!u'  two  spurious  signals  below  Channel  3.  The  close-in  one.  being 
.'*6  dll  dcVwn  from  the  Channel  2 carrier,  will  cause  no  problem.  A 
detailed  look  at  the  high  band  is  presented  in  Figure  5. 
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Fig.  4.  Low  band  and  FM  band  output. 
* Channel  2 s level  is  * 31  dBm  V 
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Fig.  6.  FM  band  output . The  processed  FM 
output  level  is  about  +16  dBmV. 
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Fig.  5.  High  band  output  Channel  2 s 
output  level  is  * 40  dBm  V. 
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Fig.  7.  Output  of  FM  processors.  One  unit 
is  misadj usted. 
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Fi  guiv  6 shows  the  KM  band . The  processed-  signals  are  at  t!u  high 
end  of  ‘.lie*  hand  and  are  about  20  <J:‘,  higher  than  the  unprocessed 
signals  at  the  low  end.  As  shown  in  Figure  7,  the  processed 
signals  are  at  0.5  MHz  spacing  wili;  the  exception  o!  two  gaps  i 
open  since  those  are  unass  I gnod  KM  broadcast  al  location'  frequencies 
Mote  the  signal  that  is  much  wider  than  tin-  rest.  An  oscillator 
w>as4misadjus ted  and  the  converter' was  nonoper.it  ien.ii . This  was 
found^as^tliose  pictures  were  being  taken,  and  a quick  ad i us t isumil 
by  the1  lie  clinician  put  the  converter  back  in  business. 


To  make  highly  accurate  amplitude  measurements,  the  71.12  has  been 
provided  with  a 2 dB  per  division  mode.  Figure  8 is  a picture  oi 
the  high-banc!  carriers*  amplitudes.  With  this  2 t!B  per  division 
vertical  scale  factor,  we  can  observe  that  Channel  8 is  operating 
at  -13.4  dBm  (+41.6  dBmV)- and  Channels  10  and  1.2  arc  witliin  i dB 
of  the  same  Level.  The  more  Sensitive  2 dll  per  division  scale 
factor  affords  easy  and  accurate  power  measurements.  Periodic 
checks  of  the  spectrum  analyzer’s  accuracy  are  easily  done  with  an 
internal  calibrator.  


Fig.  S . High  band  output  at  2 dB  per  division.  Fig.  9 . Cross  modulation  measurement. 


Channel  8's  level  is  +41.6  dBmV. 


Lower  frequency  carrier  modulated 
with  a 15.75  kHz  squarewave. 
Higher  frequency  carrier  is  CW. 


SYSTHM  FAULT  MI-ASUM-MKNTS 

Cross  modulation.  As  in  most  tilings,- the  economy  models  of 
spectrum  analyzers  cannot  do  some  of  the  tilings  that  more 
elaborate  ones  can  do.  This  is  the  case  in  cross-modulation 
measurements.  The  7L12  can  make  this  measurement  with  case,  but. 
the  1401A-1  lacks  high  resolution  circuitry.. 

Cross  modulation  is  generally*' measured rt  by  applying  thirteen 
visual  carriers  of  t lie  V11F  spectrum  at  the  correct  operating  level 
to  the  input  of  the  amplifier  to  be  tested.  Twelve  of  the 
thirteen  carriers  are  simultaneously  modulated  with  a 15.75  kHz 
squarewave,  while  the  thirteenth  carrier  is  left  unmodulated. 


NCTA  Spec  002-0267,  CATV  Amplifier  distortion  character! s l i a 
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This  thirteenth  carrier  is  then  carefully  tested  at  the  amplifier's 
output  to  see  if  it  has  become  modulated  by  passing  through  the 
amplifier  simultaneously  with  the  twelve  modulated  carriers. 

Figure  9 shows  one  of-  the  modulated  carriers  next  to  the 
unmodulated  carrier.  The  analyzer  is  set  for  a 300- kllz  resolution 
bandwidth,  which  gives  a full  peak  reading  of  the  carrier  amplitude. 
From  the  photo,  we  ascertain  that  the  two  carriers  are  of  equal 
amplitude.  The  second  step  is  tune  to  the  modulated  carrier  and 
measure  the  amplitude  of  the  15.75— kllz  sideband.  Ihis  amplitude  is 
the  calibration  level  for  the  actual  measurement.  Figure  10  shows 
this  measurement.  The  carrier  has  fallen  6 dll  in  amplitude 
because  we  are  now  measuring  the  average  amplitude  of  the  carrier 
instead  of  seeing  its  peak  amplitude.  The  first  sideband  is  down 
12  dll.  The  third  step  is  to  tune  to  the  unmodulated  carrier  and 
again  measure  the  amplitude  of  the  first  sideband.  Figure  11 
shows  this  measurement.  The  15.75-kllz  sideband  is  down  65  dB. 

The  cross-modulation  ratio  is  -65  dB  + 12  dB  = -53  dB. 


■sJmBi 

Fig.  tO.  Cross  modulation  measurement. 

This  is  the  modulated  carrier  with 
its  first  15.75  kHz  sidebands. 


Cross  modulation  measurement.  This 
is  the  CW  carrier  with  its  low  level 
1 5. 75  kHz  sidebands . The  cross 
modulation  level  is  -53  dB. 

(Sideband  level  Fig.  10  - Sideband 
level  Fig.  Ill 


Note  that  with  a 15.75  kllz  squarewave  of  reasonable  symmetry,  the 
calibration  of  step  two  will  be  within  a dB  or  so  of  12  dB.  In 
Figure  11,  the  first  sideband  is  about  5 dB  above  the  noise  floor 
of  the  spectrum  analyzer.  Therefore,  the  7L12  is  capable  of 
measuring  cross  modulation  down  to  about  -58  dB.  * 


Intermodular  1 on  . Intermodular Jon  occurs  when  two  signals  applied 

to  an  amplifier  produce  ^ more  » han  two  signals  at  the  amplifier 
output,  because  of  nonlinearity.  The  1401A-1 ‘ can  measure  inter- 
modulation  60  dB  down.  The- 71-12  can  measure  in termodulatioir  to  a 
level  of  70  dB  down.  Figure  12  shows  a typical  measurement. 
Channel  8 is  on  the  right  and  Channel  10  on  the  left.  Between 
them  arc  two  low  level  %signais  that  are  the  result  of  the  third 
order  curvature  of  the  amplifier.  The  visual  and  aural  carriers 
of  Channel  8,  which  are  4.5  Mllz  apart,  combine  to  form  an 
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intermodulat  ion  spurious  • product  4.5  MHz  above  and  below  aural  and 
visual  carriers,  respectively’.  The  small  signal  just  below 
Channel  10' s visual  carrier  is  one  of  the  intermodulat  ion  products 
produced  by  Channel  8.  Similarly,  the  small  signal  just  above 
Channel  8's  aural  carrier  is  one  of  the  intermodulation  products 
produced  by  Channel  10.  In  this  case  they  are  about  57  dll  below 
the  visual  carriers. 
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^ Fig . 12.  Intcrmodulation  measurement. 

Intermodulation  is  57  dB  down. 


■i 


m ™ir- 

Fig:  13.  Noise  measurement.  The  signal  to 
noise  ratio  is  45  dB. 


Ngj_se . A spectrum  analyzer  can 
ratio.  In  the  case  of  a CATV’s 
directly  without  any  special  te 
or  less.  Figure  J3  shows  this 
operating  in  its  normal  mode,  e 
replaced  nil  of  the  signals.  T 
between  the  two  carriers  at  -53 
spectrum  analyzer's  bandwidth  i. 
modified  to  allow  at  the  4 MHz 
The  amplitude  difference  betweo 
is  11  dB3.  ’However,  logaritlime 
noise  measurements.  Therefore, 
system  is  58.-  11  - 2 * 45  dB. 


easily  measure  a s i gna  I - to-no  i se 
ystem,.  the  measurement  can  he  made 
elm  i ques  i f the  S/M  ratio  is  50  dB 
measurement.  The  system  is 
xcept  substitution  carriers  have 
he  noise  is  at  a uniform  level 
dB  down  from  full  screen.  The  71.1. 
s 300  kHz  so  this  number  must  be 
S/.'J  ratio  list'd  in  CATV  measurements, 
n 4 MHz  ;and  300  kHz  noise  bandwidth* 
tic  displays  read  about  2 dB  low  in 
the  4 MHz  S/N  measurement  of  this 


Co-Channel  Interference.  Only  the  more  elaborate  analyzers  such 
as  the  7L12  can  make  this  measurement.  Figure  14  shows  the 
carrier  and  the  first  two  15.75-kllz  sidebands  of  d TV  signal. 

10  kHz  above  the  carrier  is  another  signal,  that  i*j  another  TV 
carrier  assigned  to  the  same  channel  but  offset  b\\  10  kHz  in 
frequency.  Note  that  the  7L12  is  capable  of  making  this 
measurement  down  to  about  the  -60  dB  level. 


O 4 \ 

‘Kenneth  L.  Simons.  "The  Decibel  Relationships  Between  Amplifier 
Distort  ion  Products,"  Proa  . 7A7Y.f\  Vol  58  i! 7 July  1970. 
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Fig.  \14.  Co-channel  interference.  Theco 
channel  signal  is  5 1 dB  down. 
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Fig.  16.  TV  sigi ml  wi th  4 0 dB  do wn 
interfering  signal. 


Fig.  15.  Typical;  TV  signal. 


Fig.  1 7.  TV  picture  witli  40  dB  down 
interfering  signal. 
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Fig.  18.  TV  signal  with  50  dB  down 
interfering  signal. 


Fig . \9.  TV  picture  with  50  dB  down 
in  ter  feting  signal. 
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Interfering  Signals.  Wc'vc  already  discussed  stray  and  Interfering 
signals  away  from  the  TV  signals.  Uut  What  about  interfering 
signals  within  a TV  channel?  To  explorA  this  point,  some  tests 
wore  run  in  the  lab  deliberately  adding 'a  Or!  signal  to  a TV  signal 
and  observing  Lite  result.  Figure  15  is  a normal  TV  signal. 

Figure  lt>  siiows  the  same  signal  with  a 40  dB  down  interfering 
signal  2 MHz  above  the  visual  carrier.  Figure  17  shows.,  the 
resultant  herringbone  on  the  TV  picture.  Figure  18  shows  the  same 

interfering  signal,  but  it  is  now  jO^dlt-dowfrr The^resulting 

herringbone  shown  in  Figure  llJ  is  just  perceptible.  Towering  the 
interfering  signal's,  amplitude  by  another  10  dB  to  -hh>dB  below 
sym:  Lip  results  in  a still  visible  signal  in  tiie  spectrum  analyze  r 
display  in  Figure  20,  but  results  in  no  visible  picture  degradation 
Mien  there  is. doubt  about  whether  or' not  some  feature  within  the 
spectrum  analyzer  display  at  a TV  signal  is  an  interfering  signal, 
cue  problem  can  be  resolved  by  looking  at  the  display  over  a period 
of  time  as  the  picture  content  changes.  Any  fixed  low-level 
feature,  with  the  except  ion  of  t lie  chroma  signal,  is  probably  an 
interfering  signal. 


( 


F/g  20  TV  signal  with  60  dB  r/oivo.  Fig.  21.  Hum  measurement.  Hum  is  2.5  \ 

interfering  signal.  PP  of  sync  tip  amplitude. 


Hum.  Hum  can  be  measured  by  using  the  spect  rum  analyzer  as  a 
wideband  reev  i verjand  viewing  the -result ing  video  with  respect  lo 
time.  Vi  gu  re  "ZTs  I lows  the  7 L 1 2 being  used  as  a 3-Mllz  bandwidth 
receiver  to  look  at  a TV  t runsmi  tter.  When  the  f requfcWry  span 
control  of  the  71-12  is  set  to  zero,  the  CRT  readout  display  reads 
the  time  per  division  of  the  sweep.-:  ns  tend  of  frequency  pW  division 
! he  linear  scale  is  used  f or  maximum  sens  i t i v i ty-i — Tha_J_mc*  across 
the  top  of  the  screen  is  the  sync  tip  level.  The  sync  Lip  level  is 
varying  . 2 divisions  with  a full' scale  deflection.  Therefore,  the 
’mini,  is  . 2 : 8 - 2 . 5 7. . 


Rad i at i on . Radiation  Ls  measured  bv  using  a calibrated  antenna 
and  measuring  the  amplitude  of  the  signals  by  it.  Reference  must 
be  made  to  a correction  chart  provided  by  the-  antenna  manufacturer 
before  the  actual  field  strength  may— be  determined.^. 
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Tost  fnp.  for  signals  leaking  from  CATV  systems  may  be  a frustrating 
experience.  It  will  be  difficult  to  separate  the  signal  picked  up 
directly  from  the~~signal  that  is  leaking  from  the  cable.  Only 
when  signals  on  the  cable  are  at  a different  frequency  will  it  be 
possible  to  get  an  unambiguous  reading.  Adding  CW  signals  at  some 
unused  frequencies  to  the  CATV  systemfs  normal  load  and  at  the 
^nme^eVei~ds  the  visual  signals  may  aid  in  measuring*  radiation 
levels  with  less  confusion.  /. 

■Conclusion.  The  author  has  attempted  to  show  how,  with  the  aid 
of  a spectrum  analyzer,  a great  many  of  the  difficult,  time 
, consuming  CATV  measurements  can  be  made  conveniently.  A spectrum 
analyzer  is  not  the  only  measuring  instrument  a CATV  operator 
needs.  But,,  it  is  a basic  instrument  that  makes  many  measurements 
by  itself,  and  enhances  the  measurement  capability  of  many  other 
pieces  of  test  equipment . | 
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SUMMARY  OF 

FCC  TECHNICAL  STANDARDS  FOR  CATV* 


Following  is  an  illustrated  summary  of  the  principal  technical 
standards  established  by  the  FCC.  All  verification  measurements 
shown  in  the  illustrations  were  taken  in  the  field  with  a 
TEKTRONIX^  1401A-1  Spectrum  Analyzer.  * 

1.  Frequency  of  the  visual  carrier:  1.25  MHz  i- 25  kHz  above 

channel  boundary.  - / 

a.  At  output  of  converter:  1.25  MHz  i 2S>0  kHz 


2.  Frequency  of  aural  subcarrier:  4.5  MHz/ i 1 kHz  above  visual 

carrier.  \/ 

Verification  of  these  standards  involves  high  accuracy 
frequency  measurements.  These  can  be/ made  with  a 
TEKTRONIX  7D14  Counter  in  any  TEXTRON  I Xi  7000  Series 
oscilloscope^  mainframe 'wi tli  readout.  \ 

\ 

3.  Minimum  visual  signal  level:  1 mV  across  75  (see  Figure  1) 


Fig.  1.  Visual  signal  level  shown  is  r iOdBmV 
across  75  il;  1401 A 1 Spectrum 
Analyzer  has  absolute  amplitude 
calibration  and  W dB/div  log  display. 


Fig.  2.  Photo  shows  a fully  loaded  CATV 
system  with  high  and  low  hand  pilot 
carriers.  Vertical  log  mode  is 
1 0 dB  div.  (2  dB  div  is  available  in 
the  7L  12  and  2.5  dB/div  in  the 
1 40 1 A - 1 .)  The  frequency  span  per 
division  in  an  uncalibrated  position 
in  this  photo  to  allow  closer  signal 
spacing  for  ease  in  viewing  channel 
to  channel  variations. 


•*Lxt  racted  from  . , cufiJ  cul’.ij  to  fiio  t-*i‘  L »”  . ! • .*,*•  i N»it  i on«i 

Cable  Television  Association,  Inc.;  Washington,  D.C. 


4.  Permissible  signal  level  variation:  12  dB  total  (see  Figure 

a.  Maximum  adjacent  channel  variation:  3 dB 

b.  Maximum  of  all  channels:  12  dB 

5.  Maximum  signal  level:  Below  threshold  of  degradation. 

Maximum  signal  levels  are  required  to  be  held  to  values  which 
will  not  overload  a subscriber’s  receiver. 

6.  Maximum  hum  and  low-frequency  disturbance  levels:  5%. 

The  peak-to-peak  variation  in  visual  signal  level,  caused  by 
hum,  can  be  measured  with  a spectrum  analyzer  in  the  non- 
sweeping (zero  frequency  span)  mode.  In  this  mode  the 
analyzer  functions  as  a superheterodyne  receiver,  followed 
by  a demodulator.  Hum  modulation  can  be  seen  in  Figure  21 
of  previous  article. 

7.  Within  channel  frequency  response:  ±2  dB. 

Channel  frequency  response  can  be  measured  with  a signal 
'—generator,  covering  the  desired  range,  and  the  spectrum 
analyzer.  A-pTot  of  the  signal  generator  amplitude  versus 
frequency  is  first -made  with  the  spectrum  analyzer;  then 
the  system  response  is  plotted  and  the  appropriate 
correction  added  to  the  spectrum  analyzer  displayed 
amplitude.  A sweep  generator  may  be  used  in  lieu  of  a 
manually  tuned  generator. 

Aural  signal  level:  13  to  17  dB  below  visual  signal  level. 

Aural  to  visual  signal  ratios  for  all  channels  can  be 
measured  easily  in  one  picture  (see  Figure  2). 

9.  Signal- to-no i se  level  for  all  signals  picked  up  or  delivered 
within  its  Grade  B contour:  36  dB  (see  Figure  3). 

10.  Signal- to-in termodulation  and  non-offset  carrier  interference 
46  dB  (see  Figure  4). 


11  • Subscriber  terminal  isolation:  This  measurement  can  be  made 

with  a calibrated  spectrum  analyzer  such  as  the  7I.rj  or 
1401  A- 1 and  a signal  generator  covering  the  frequency  range 
of  interest.  The  signal  generator  output  is  first  measured 
at  the  desired  reference  level  (example:  0 dBmV)  with  the 

spectrum  analvxer.  The  signal  generator  is  then  fed  into 
the  line  at  subscriber  • (A)  and  monitored  with  the. spectrum 
analyzer  at  subscriber  (B) . The  dB  di  ffcrenco  between  the 
reference  signal  and  the  observed  signal  can  be  measured 
directly.  Furthermore,  interference  to  any  channel-  can  be 
observed  at  a glance.-  - 


Fig.  3. 


The  photo  shows  signal  to  noise 
measurement  of  low  hand.  FM  and 
high  hand.  Here  the  vertical  log  mode 
is  *0  (IB/div  and  the  spectrum  analyzer 
res  oh  it  ion  hai  ut  width  has  I >eei  i chose/  / 
to  give  a 55  dB  dynamic  display  range 
The  spectrum  analyzer  noise  Hour  is 
measured  with  the  input  terminated 
in  75  12.  System  noise  is  referred  to  ■' 
this  level.  The  60  dB  and  70  dB 
dynamic  ranges  are  featured  on  the 
1401 A 1 and  7L  12.  respectively 


Fig.  4.  Photo  of  1401 A 1 CRT  shows 
spurious  response  on  low  side  of 
visual  carrier  30  dB  hefow  visual  ' 
carrier  ampH tt  ide.  Spi  trio  us  response 
on  the  high  side  of  the  aura!  carrier 
is  down  46  dd  hefow  the  visual 
s'  carrier  amplitude,  h ) ten nodu/a tton 

measurements  to  60  dB  can  he  made 
with  '»  :401A1  and  to  70  dB 
- wit*  the  /{.  12. 
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The  FCJ  has  not  imposed  any  restriction  on  frequency  usage. 
Unauthorized  radiation  at  any  frequency  from  a cable  system  is, 
however,  the  responsibility  of  the  cable  operator.  The  new 
radiation  limits  are: 


/ 

/ 

/ 


/ 


Frequencies  (MHz) 


Radiation  Limit 
Mic  rovolts/meter 


Distance  from 
Cable  (feet) 


Up  to  54 


15 


54  to  216  20 

: Over  216  15 

/ 


100 

10 

100 


Radiation  in  pV/moter  can  be  made  easily  with  the  1401A-1.  Figures 
5 'and  6 show  the  unit  in  use  with- a calibrated  antenna.  The  antenna 
irij  the  photo  is,  Singer's  MD-105-T1,  covering  20  MHz  to  200  MHz. 
Figure  7 is  a convenient  nomograph  to  obtain  pV/meter  from  the 
spectrum  analyzer  reading  in  dlimV  into  75  U (1401A-1)  or  dBm  into 
50,  ft  (7L12)  . 


Fig.  5. 


Fig.  6. 


I 

I 
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Fig.  7. 


/ 


WHAT  IS  A SPECTRUM  ANALYZER? 

/ 

A spectrum  analyzer  is  a device  which  will  decompose  a complex 
electronic/signal  into  its  various  frequency  components.  A 
composite  signal  as  in  Figure  1,  which  is  the  sum  of  two  sinewaves 
of  frequency  Fj.and  F?  , will  be  seen  on  a normal  oscilloscope  as 
just  that  — a voltage-time  waveform.  The  scope  presents  the 
complex  signal  as  a function  of  time. 

The  spectrum  analyzer,  on  the  other  hand,  does  not  represent 
signals  as  a function  of  time.  Over  the  interval  of  the* 
observation  or  measurement,  we  must  assume  that  the  signal  has  not 
changed  In  amplitude  or  frequency.  These  variables  are  our 
primary  concern:  What  are  the  frequencies  of  our  signal?  What 

are  the  amplitudes  of  the  various  frequency  components?  What  are 
these  components  telling  us  about  the  performance  of  our  device? 


Fig.  Jm  Composite  signal. 


O 
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Passband  Passband  Passband  Passband  Passband 
cf  \ of  op  af  af 

Fiber  Na  J Filter  Na.2  FIlUr  No.3Fiber  Na,  4 Filter  Na.5 

K-  — h-  -r 


Fig.  2-  Filter  passband  characteristics. 


A very  simple  spectrum  analyzer  would  be  a set  of  filters,  bach 
filter  would  have  a passband  which  covers.  a portion  of  the  frequency 
spectrum  of  interest.  The  filters  would  stjccessi vely  increase  in 
frequency  while  their  passbands  are  made. to  overlap  slightly,  in 
order  that  no  portion  of  the  broad  range  of  frequencies  over  which 
we  intend  to  study  is  left  gapping.  (See  Figure  2.)  Inputs  are 
connected  togetheV  so  that  the  complex  signal  will  be  common  to 
all  filters  as  shown- in  Figure  3. 

The  outputs  are  connected  to  a commutator  device,  a system  which 
will  look  at  the  output  of  each  filter  sequentially.  This 
commutator  device  could  be  as  simple  as  a multiple  pole  switch  or 
a diode  matrix  or  a Time  Division  Multiplexer.  The  commutator, 
then,  is  sampling  the  output  of  each  filter,  in  turn,'  and  in  that 
time  only  will  the  output  show  a signal  which  is  passing  through 
that  particular  filter. 

This  system, is  known  as  Filter  Spectrum  Analyzer.  The  difficulty 
with  this^ystem  is  that  it  takes  a great  many  filters  to  cover  a 
large  frequency  range. 


Filters 


I 


Commutator 


61 


-OOut 
n t > — 


i 


Fig.  3.  Simple  spectrum  analyzer . 
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We  can  get  away  from  these  filters  by  letting  a single  one  do  the 
switching.  This  system  would  have  a single  filter  whose  center 
frequency  is  adjustable  over  the  frequencies  of  interest  as  in 
Figure  A.  Here  at  tj,  the  filter  center  frequency  is  located  at 
/ Fj  and  has  a-  passband  characteristic  shown  by  the  dashed  lines. 

• At  t2  f the  passband  has  moved^  to  center  itself  at  F2  (dotted  lines) 
This  shifting  continues  at  a constant  rate  until  time  t$,  where 
the  center  frequency  [is^  reset  to  its  low  end  and  shifting  begins 
again.  / \ 

y * 

/ " L 


1/d 
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The  next  variation  in  the  evolution  of  spectrum  analyzers  has  no 
center  frequency  swept  filter.  Its  filter  is  a stationary  one, 
and  instead  of  bringing  this  filter  to  the  frequency  of  the  signal, 
the  signal  is  brought  to  the  frequency  of  the  filter  ~ HETERODYNE! 
Figure  5 shows  the' block  diagram.  The  input  is  now  fed  into  a 
mixer,  where  it  beats  with  some  frequency  fromua  local  oscillator. 


To, 

Scope 


Fig.  5.  Front  end  swept  locaf  oscillator 
version. 


Application  of  the  normal  super  heterodyne  equation  — the 
difference  in  local  oscillator  frequency  and  input  signal  frequency 
equals  the  intermediate  frequency  — 

fL.O.  fsLg  ” ff . F. 

will  be  used  to  its- fullest.  Botli  the  signal  and  the  local 
oscillator  frequencies  are  varying.  The  local  oscilldtor  is  swept 
. over  a range  of  frequencies  of  the  input  signal  to  be  analyzed. 

When  the-  difference  is  such  that  it  falls  in  the  passband  of  the 
I .-F.  , we^  will  see  the  detected  output  on  the  scope.- 

J 

This  is  illustrated  in  Figure  6,  which  siiows  the"  relationship 
between  center'Tf  requency , frequency  span,  the  sweeping  sawtootli 
waveform  and  the  CRT  presentation. 

Modern  spectrum  analyzers  can  cover  frequency  ranges  from 
fractions  of  a hertz  to  thousands  of  megahertz  and  can  measure 
signal^  from  fractional  microvolts  to  many  volts  in  amplitude 
level/  Their  applications  are  literally  limitless.  For  a more 
detailed  discussion  of  what  these  versatile  instruments  can  do, 

>*e  refer  you  to  TEKTRONIX  publication  number  062-1334-00, 

"Spectrum  Analyzer  Measurements,  Theory  and  Practice." 


V 

•• 


1401A  169 

1401A-1  SPECTRUM  ANALYZER 


• GATEO  MOOE  for  PULSEO  R.F.  and  TELEVISION 

• 75  OHM  INPUT  (1401A-1) 

• 50  OHM  INPUT  (1401A) 

• AC,  OC  or  BATTERY  POWERED  * 
t UP  to  500  MHz  in  ONE  DISPLAY 

• FREQUENCY  and  AMPLITUOE  CALIBRATOR 

• 60-dB  LOG  OYNAMIC  RANGE 

• INTERMOOULATION  DISTORTION  MORE  THAN  60-dB  OOWN 

• FLAT  WITHIN  1.5  dB  OVER  200  MHz 


1401  A/ 323  Spectrum  Analyzer  System 


The  1401A  and  1401A-1  Spectrum  Analyzer  Modules  are  an 
expansion  of  the  plug-in  concept  of  using  an  oscilloscope  for 
spectrum  analysis.  These  modules,  used  with  the  SONY/ 
TEKTRONIX  323.  324.  or  other  oscilloscopes,  provide  mea- 
surement facilities  in  the  1 MHz  to  500  MHz  frequency  range. 
The  1401 A is  designed  for  50  H systems,  the  1401A-1  is  for 
use  with  75-1*  systems.  Statements  about  the  1401A  apply  also 
to  the  1401A-1  unless  indicated. 

The  1401A  and  1401A-1  are  compatible  with  any  oscilloscope 
having  0.5V/div  horizontal  deflection  factor  (adjustable  * 10%) 
and  1.2  V full-screen  vertical  deflection. 

One  of  the  unique  features  of  the  1401A  is  automatic  center 
frequency  positioning  in  the  search  mode.  At  50MHz/div 
frequency  span  (dispersion)r  the  center  frequency  automatical- 
ly becomes  250  MHz.  preventing  a possible  erroneous  display. 
In  the  search  mode,  the  center  frequency  control  positions 
a negative  marker  to  indicate  that  part  of  the  spectrum  which 
will  appear  at  center  screen  when  the  frequency  span  is  re- 
duced to  less  than  50  MHz/div. 

Design  of | the  1401A/323  provides  for  easy  carrying  and  con- 
venient viewing  and  access.  Power  may  be  obtained  from  the 
normal  AC'line.  6 to  16  VDC.  or  internal  rechargeable  batteries. 

\analyzer  characteristics 

Center  Frequency— Continuously  selectable  with  10-turn  digital 
frequency  readout  control  over  the  range  of  1 to  500  MHz.  Ab- 
solute accuracy  within  ' (5  MHz  • 5%  of  dial  reading).  Fine 
control  provides  a calibrated  variation  of  up  to  plus  or  minus 
1 MHz.  within  10%. 

CW  Sensitivity  1401 A 1401A-1 

3 kHz  Resolution  at  least  lOOdBm  at  least  45dBmV 

100  kHz  Resolution  at  least  85  dBm  at  least  30dBmV 

1000  kHz  Resolution  at  least  78  dBm  at  least  23  dBmV 

Frequency  Span  (dispersion)—  50  MHz/div  to  lOOkHz/div  in 
9 steps  (1-2-5  sequence),  accurate  within  10%  over  a , 10  div 
display,  plus  0 Hz  span.  Frequency  span  can  be  continuously 
varied  (uncalibrated)  from  any  calibrated  value  toward  zero. 

A 


Resolution  Bandwidth — 3.  100.  and  1000  kHz. 

Display  Flatness — Amplitude  variations  are  within  1.5  dB  to 
200  MHz  and  3 dB  to  500  MHz. 

Incidental  FM — 20  kHz  or  less. 

Intermodulation  Distortion — 1401 A at  least  55  dB  down  with 
two  signals  at  30  dBm  ( * 25  dBm  1401A-1).  one  MHz  apart; 
60dB  down  with  signals  at  40  dBm  ( j 15  dBm  1401A-1). 

Frequency  Stability— Within  50  kHz  over  any  5 minute  interval 
after  20  minute  warm-up  and  measurement  at  | 20  C to  | 30  C 
ambient.  Temperature  coefficient  — . 0.5  MHz/  C or  less. 

Input  Power  1401A  1401A-1 

• Maximum  with  RF  attenuation  1 30  dBm  }80dBmV 
; Without  attenuation  • 30  dBm  |25dBmV 

^ RF  Attenuator — 0 to  60  dB  in  10  dB  steps  (accurate  within 
. »0.2dB  | 1%  of  dB  reading). 

If  Gain  Control — At  least  30  dB  range. 

Vertical  Display — Linear  and  log. 

Dynamic  Range — At  least  60  dB  in  log  mode  at  lOdB/div. 

SWEEP  CHARACTERISTICS 

Free  Run — Sweep  (rate  continuously  variable  from  one  sweep 
per  second  or  lessjto  at  lea^t  100  sweeps  per  second. 

External  Trigger — Accepts  an  external  positive  pulse  of  1 to 
10  V.  at  least  100  ns  width.  1 MHz  or  less.* 

External  Horizontal — Input  accepts  signal  of  0 to  *5V.  0 V 
corresponds  to  approximately  0 frequency  and  f 5 V corres- 
ponds to  approximately  500  MHz  in  Search  Mode.  10  V maxi- 
mum input. 

CALIBRATOR 

Frequency — 50  MHz  within  0 01%.  , 

Amplitude  of  the  Fundamental — 1401A.  30  dBm:  1401A-1. 

: 25v‘dBmV.  Accuracy,  within  C 3 dB  at  25  C and  within  0.5  dB 
from  15  C to  ! 55  C. 
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SPECTRUM  ANALYZER 


OTHER  CHARACTERISTICS 

Power  Sources— Battery  operation:  removable  power  pack 

contains  6 size  "C"  NiCd  cells  providing  at  least  3*1/2  hours 
operation.  Maximum  time  is  achieved  at  20  C to  25  C charge 
and  20  C operating  temperature.  Internal  charger  provides 
for  charging  the  internal  batteries  when  connected  to  the  AC 
line,  operating  or  nonoperating.  Recharge  requires  at  least  16 
hours  at  full  charge.  A Trickle  Charge  position  prevents  battery 
self-discharge  when  not  in  use.  Battery  charge  level  is  indh- 
cated  on  an  expanded  scale  DC  voltmeter.  External  DC  source: 
operates  from  an  external  DC  source  of  6 V to  16  V,  requires 
4.8  Wf  External  AC  source:  operates  from  an  external  AC 

source  of  90  to  136  V,  or  180  to  272  V;  48  to  440  Hz,  14  W 
maximum  at  115  VAC. 


1401 A 
1401 A-1 

32: 

324 

1 

1401  A/323  1401  A-1 /323/ 
1401  A/324  1401A-1/324 

in 

cm 

in 

cm 

:n 

cm 

Hciaht 

3.1/2 

8 9 

3.1/2 

89 

7 

178 

Width  w/handlc 

8.1/2 

21  6 

8*1/2 

21  6 

9*3/8 

23  8 

Depth  w/pancl 
cover 

10.5/8 

27  O 

10-5  8 

27  0 

10*5/8 

27  0 

Depth  w 'handle 

13 

33  0 

13 

33  0 

14.4-8 

37  2 

lb 

Kg 

lb 

Kg 

lb 

kg 

Net  weight  w/0 
accessories 

7.1/2 

3 4 

sr  8 

~ 36 

=:15 

=:  68 

Domestic 
shipping  weight 

13 

5 9 

1 4 

6 

=r23 

^10  4 

Export* packed 
weight 

21 

9 5 

=r22 

=:10 

=31 

2;  14  0 

SPECTRUM  ANALYZER  MODULE 

1401A  Included  Accessories — 8'  power  cable  assembly;  panel 
cover;  blue  lilter;  amber  - filter;  three  5-1/2",  50 1*  BNC  to 
BNC  cable  assemblies;  6'  50  i»  BNC  to  BNC  cable  assembly; 
screwdriver;  strap  assembly:  operator's  handbook  (1401  A); 
instruction  manual  (1401A). 

Order  1401A 

SPECTRUM  ANALYZER"  MODULE 

1401A-1  Included  Accessories — Same  as  for  1401 A except: 
Insert  for  instruction  manual:  two  BNC  to  F adapters;  change 
6f.  501*  BNC  to  BNC  cable  assembly  to  6f  751*  BNC  to  BNC 
cable  assembly. 

Order  1401A  1 

SPECTRUM  ANALYZER  SYSTEM 

1401  A/323  (P7  Phosphor)  Included  Accessories — Two  B'  power 
cable  assemblies;  two  panel  covers;  blue  lilter;  amber  lilter: 
.smoke  gray  lilter:  three  5-1  /2'\  501*  BNC  to  BNC  cable  as- 
semblies; 6'.  501!  BNC  to  BNC  cable  assembly:  two  strap  as- 
semblies; viewing  hood:  probe  package  P6049:  BNC  to  banana  ; 
post  patch  cord:  BNC  to  binding  post  adapter;  screwdriver; 
accessory  pack:  operator's  handbook  (1401  A);  instruction  man- 
ual (1401  A);  operator's  handbook  (323):  instruction  manual 
(323).  ( 

Order  1401A/323P7 
Order  1401A-1/323P7 


1401A 

1401A-1 


SPECTRUM  ANALYZER  SYSTEM 

1401  A/324  (P7  Phosphor)  Included  Accessories — Two  8'  power 
cable  assemblies;  two  panel  covers;  blue  filter;  amber  filter; 
smoke  gray  filter;  three  5-1/2",  501*  BNC  to  BNC  cable  as- 
semblies; 6a,  501*  BNC  to  BNC  cable  assembly;  two  strap  assem- 
blies; viewing  hood;  probe  package  P6049;  BNC  to  banana  post 
patch  cord;  BNC  to  binding  post  adapter;  screwdriver;  accessory 
pack:  operator's  handbook  (1401  A);  instruction  manual  (1401  A): 
operator's  handbook  (324);  instruction  manual  (324). 

Order  1401A/324P7 
Order  1401A-1/324P7 

OSCILLOSCOPE  SUMMARY 


CHARACTERISTIC 

323 

324 

Bandwidth 

DC  to  4 MHZ 

DC  to  10  MHz 

Risotimo 

90  ns 

36  ns 

10  mV/div  to  20  V/div  at  full  bandwidth 

Doilcc non  Factor 

1 mV/div  at 

2 mV.  div  at  8 MHz 

2 75  MHz 

1 

Input  R and  C 

1 megohm  paralleled  by  approx  47  pF 

Time  Base 

5 MS/div  to  1 s/div 

1 

1 As/div  to 
0 2 s/div 

Magnified 

X10 

X5 

CRT  Display  Area 

6x10  divisions  (1/4»tnch  divisions) 

Phosphor 

P7  supplied  when  ordered  with  U01A  or  140lA*1 

Amplitude 

Calibrator 

Inlcmal.  0.5  v/  at  external  jack 

Power  Sources 

) 

/ 

J 

Internal  batteries 

Internal  batteries 

External  6 to 
16  VDC 

External  65 
to  16  VDC 

90  to  136  VAC 

115  VAC  -10’i 

180  to  272  VAC 

230  VAC  -io»; 

48  to  440  HZ 

48  to  440  Hz 

14  W at  115  VAC 

20 W at  126  VAC 

The  SONY  TEKTRONIX  Type  323  and  324  arc  manulaciured  and  marketed 
m Japan  by  Sony'TcKtronix  Corporation.  'Tokyo.  Japan.  Outside  o!  Japan, 
they  are  available  from  Tektronix.  Inc.,  its  marketing  subsidiaries  and  d's* 
tributors 

OPTIONAL  ACCESSORIES 

Protective  Cover— The  protective  cover  for  the  1401A  or  1401A-1 
can  be  used  during  transport  or  storage,  and  is  constructed  of 
waterproof  blue  vinyl. 

Order  016-0112-00 

Power  Pack — Extra  power  pack,  in  addition  to  the  one  supplied 
with  the  1401A  or  1401  A- 1 , allows  one  power  pack  to  charge 
while  the  other  is  powering  the  analyzer.  An  identical  power 
pack  is  used  in  the  323.  Pack  contains  six  size  *’C”  NiCd  cells 
and  battery  charger. 

Order.  016  0119-02 

Adapter — BNC  75'.!  to  50 1!  minimum  loss  attenuator. 

Order  011-0112-00. 

Battery  Set — Set  ol  six  NiCd  colls. 

Order  1460012-01 
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CHARACTERISTICS 

Frequency  Tuning  Range — 100  kHz  to  1.8  GHz  continuously 
variable;  accuracy  * (10  MHz  »•  1%  of  dial  indication). 

Frequency  Span— 500  Hz/div  to  lOOMHz/div  jn  1-2-5  sequence. 
0 Hz  (analyzer,  not  swept)  and  maximum  span  (1.8  GHz  ovei  10 
div),  modes  are  also  selectable.  A continuously  variable  span 
control  is  provided. 

Calibrator — 50  MHz  * 0.01%  - 30  dBm  * 0.3  dB.  Harmonics  of 
50 MHz  are  generated  for  frequency  span  calibration. 

Reference  Level — Selectable  -100  dBm  to  * 30  dBm  in  10  dBm 
steps,  a 10  dB  variable  control  is  also  provided. 

Log  Display  Mode  Dynamic  Range— 70  dB  at  10  dB/div:  14  dB 
at  2 dB/div;  log  scale  accuracy  * 0.1  dB/dB.  1 1.5  dB  maximum 
over  the  full  dynamic  range. 

RF  Attenuation — 0 a«3  to  60  dB  in  10  dB  steps  * >(0.2  dB  - 
1%  of  setting).  / 

Resolution  Bandwidih  (6  dB  down) — 300  Hz  t®  3 MHz  in  decade 
steps  4 20%. 

Resolution  Shape  Factor — 4:1.  60 dB  to  6 dB. 

Video  Filter  Bandwidth — Automatically  selected  by  the  resolu- 
tion control. 

CW  Sensitivity—  110  dBm  at  300  Hz  Resolution;  -108  dBm  at 
3 kHz  Resolution:  100  dBm  at  30  kHz  Resolution:  -90  dBm  at 

300  kHz  Resolution;  80  dBm  at  3 MHz  Resolution. 


Internal  Spurious  Responses — Less  than 
input. 


100  dBm  referred  to 


Intermodulation  Distortion — Third  order:  70  dB  down  from  two 
30 dBm  signals.  Second  order:  70 dB  down  from  two  40 
dBm  signals  (at  any  frequency  span) 

Incidental  FM — Phase  locked  Mode:  200  Hz  (P-P)  maximum; 
not  phase  locked:  20  kHz  (P-P)  maximum. 

Display  Flatness — * 1.5  dB,  with  respect  to  50  MHz. 

Maximum  Safe  Input  Power — RF  Attenuation  OdB:  ; 13  dBm. 

(— 30dBm  linear  operating  limit)  RF  Attenuation/ 60  dB:  f 30^ 

dBm  (Power  rating  of  attenuator). 

' ■ • t 

Sweep  Rate — 1 /is/div  to  lOms/div  in  1-2-5  sequence  continu- 
ously variable  between  steps.  Variable  control  has  100:1  range 
in  lOms/div  to  decrease  sweep  rate  to  approximately  1 s/div. 

Triggering  Modes — Normal.  Peak-to-Peak  Auto.  Single. 

Triggering  Sources — Vertical  Amplifier  channels.  Power  fre- 
quency and  free  run. 


DIMENSIONS 

In  | 

1 cm  | 

| WEIGHTS  (ppprox) 

lb 

1 *9 

HEIGHT 

5.0 

12  7 | 

| NET 

10 

hr 

WIDTH 

5.5 

t4.0  j 

I DOMESTIC  SHIPPING 

13 

LENGTH 

14.5 

369  1 

\ EX  PORT 'PACKED 

18 

j 8.2  . 

- - 


This  is  Ihe  RF  spectrum  ol  .1  television  trans- 
mitter showing  output  filter  character  isttes 
(pedestal  shape)  and  video,  color  burst  and 
audio.  Frequency  span  is  I MHz/div  in  this 
display  on  a 7403N  Oscilloscope  Resolution 
is  30  kHz  and  the  log  mode  provides  to  dB 
per  div. 


The  upper  display  is  the  RF  spcclrum  result* 
mq  from  a modulated  staircase  plus  sync  and 
color  burst  The  lower  display  is  .1  lime  base 
display  of  the  modulated  staircase  The  simut. 
t.lneoiis  displays  were  ptotled  with  .1  7At8  Am* 
phfiur  and  a 7B53AN  Time  Base  plus  the  7U2 
in  a 7504  Oscilloscope 


Included  Accessories — 6-ft  BNC  cable  (012-0113-00):  adapter 
BNC  male  to  N female  (103-0058-00):  special  spectrum  analyzer 
graticules  (implosion  shields  337-1439-01  for  7403N  or  R7403N. 
^ 337-1159-02  for  other  7000  Series):  Amber  light  filter  (378* 
0684-01.  ^ 

Order  7L12  SPECTRUM  ANALYZER- 
Order  R7403N  OSCILLOSCOPE 

For  P7  phosphor  and  an  internal  spectrum  analyzer  gra'ticule. 

Order  R7403N  MOD  08  EZSA 
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SPECTRUM  ANALYZER 


• CONVERTS  ANY  7000  SERIES  OSCILLOSCOPE  TO  AN  EXCELLENT 
SPECTRUM  ANALYZER 

• 0 H if  Jo  1800  MHi  IN  ONE  6lSPLAY 

\ r 

• FULLY  CALIBRATED  DISPLAYS  >•' 

• 300  Hi  to  3 MHi  RESOLUTION 

r* 

• 4:1  RESOLUTION  BANDWIDTH  SHAPE  FACTOR 


• 70  dB  DYNAMIC  RANGE 

1 * 

/•  INTERMODULATION  DISTORTION 
j — 70  dB  BELOW  FULL  SCREEN 

/ • SPURIOUS  FREE  OPERATION 

/ 

• AUTOMATIC  PHASE  LOCK  - 

• -110  dBm  SENSITIVITY 


3? 


0 

•• 

♦ 

Nd  Mil* 

•£*. 

-B  ~ 

**•»  irr 
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5*<i-inch  rackmount  R7403N  with  7L12  installed . 


The  7L1?  Spectrum  Anal /zer  Plug-In  converts  the  R7403N 
O^ciUorvCopc*  in  Jo  a high-pculornianco  spectrum  analyzer  This 
imck mount  -system  is  qrjjy  51 4 inches  high  and  ts  useful  *n  trans* 
meter  monitoring jinjjr  elsewhere  in  TV  Spectra  measurements. 


The  7L 1 2 ts  a swept  front-end  spectrum  analyzer  plug-in  for  all., 
7000-Senes  Oscilloscopes  These  run  from  the  rackmounts  that 
are  only  5Ti  inches  high,  to  500  MHz  real-time  bandwidth ‘units. 
The  multiple  plug-in  concept  of  the  7000  Series  allows  simul- 
taneous time-*  and  frequency  domain  displays  7000-Series 
mainframes  with*  CRT  READOUT  will  display  Reference  Level. 
dB/div.  Frequency  Span.  Resolution  and  Timc/div  on  screen. 
All  display  parameters  are  calibrated  and  quantitative  informa- 
tion js  displayed  on  both  front  panel  and  CRT  READOUT  CRT 
READOUT  of  display  parameters  is  a unique  7L1?  feature. 


Excellent  resolution  shape  factor  (4  to  I)  enables  the  7L12  user 
to  measure  lew-amplitude  signals- dose  to  full  screen  signals. 
The  wide.  3 MHz  resolution  position  of  the  7L12  enhances  nar- 
row pulse  spectrum  analysis  and  demodulated  waveform  mea- 
surements. 


Much  effort  has  gone  into  human  engineering  factors  designed 
to  make  the  7L12  easier  to  use  and  to  reduce  the  chance  of 
human  error.  A case  in  point  is  the  three  frequency  indication 
modes  frofri  which  the  operator  can  choose..  In  tire  maximum 
span  mode,  the  frequency  dial  indication  corresponds  to  the 
"CRT  position  of  a negative-going  marker  while  tire  analyzer  dis-..- 
plays  the  maximum  frequency  span  of  1800  MHz.  When  the  fre- 
quency span  is  reduced,  the  operator  lias  n choic'e  of  two  fre- 
quency indicating  modes.'  START  or  CENTER.  The  former, 
particularly  useful  for  harmonic  and  distortion  analysis,  sweeps 
with  the  indicated  frequency  corresponding  to  the  extreme  left 
hand  edge  of  the  display.  In  the  center  mode,  which  is  primarily 
of  interest  for  symmetrical  modulation  spectra,  the  center  of  the 
display  corresponds  to  the^ frequency  indicated.,  i 

Another  human  engineering  innovation  is  the  RF  input  and  refer-  .. 
cnce  level  self-computing  differential  mechanism.  This  mech- 
anism provides  direct  readout  of  the  full-screen  reference  level. 
RF  attenuation,  and  maximum  input  power  for  [incar  operation. 
Values  are  presented  in  dBm  on  the  front  panel.  The  7000- 
Series  Oscilloscope,  mainframes  with  CRT  READOUT  will  also 
display  the  full  screen  reference  level  value  in  dBm  on  the 
• CRT.  Further  operational  ease  is  provided  by  ccloj-kcycd  sec- 
tions on  the.  front  panel.' 
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more  sophisticated  sound  control  equipment  than  usually 
found  in  a CATV  operation. 

He  described  a rationale  for  equipment  selection, 
covering  reel-to-reel  and  cartridge  audio  machines, 
microphones,  turntables, portable  audio  control  and 
turntable  packages,  and  automated  pre-programmed  reel-  . 
to-reel  and  cartridge  ensembles.  He  pointed  out  how 
the  automated  packages  could  be  used  to  provide  unattended 
background  music  sejrvices,  automated  insertion  of  adver- 
tising messages  and  general  background  for  isolated  video 
presentations.  v 


2. 


^The  T-Matic  Videocassette  Program  Automation 
System11  - Lyle  Keyes 


Mr.  Keyes  presented  a full  description  of  Telema- 
tion’s  fully  automated  3/4"  video  cassette  playback 
system  called  "T-Matic."  This  unit  automates  the. 
operation  of  four  or  five  Sony  videocassette  players 
permitting  unattended  programming  of  both  audio  and 
video  for  ait  least  four  hours  on  its  own,  or  for  much 
longer  periods  if  the  unit  is  used  in  conjunction  with 
a non-duplication  switching  system.  In  this  case,  the 
T-Matic  will  provide  the  insertion  of  programming  when  • 
the  air  channel  is  deleted. 

iS 

The  T-Matic  unit  can  control  its  own  program  sources 
as  well  as  a number  of  external  sources  such  as  reel- 
to-reel  tape  machines  or  projectors^  The  logic  in  the 
machine  controls  the  start  and  stop, 'cueing  and  rewind 
of  the  cassette  video  players  to  provide; continuity. 

Video  and  audio  switching  of  all  four  players  plus  one 
external  source  is  also  provided.  A cueing  scheme  is 
also  provided  to  allow  one  of  the  players  to  insert 
advertisements  into  program  material  in  a fully  pro- 
fessional manner,  fully  unattended.  •' 

. ! ‘ ! 

3.  /"Discable  A New  Automatic  Sound'and  View-  ‘ 

Programming  System  For  CATV"  - John  L.  Humphreys 
and  Robert  E.  Weiblen  

Messrs.  Humphreys^ and  Weiblen  described  .a  system  for 
providing  an  FM  audio  programming  service  on  cable,  using 
the  FM.band  for  the  distribution  of  up  to  fifty  jstereo 
or  quad  channels  , and- using  one  video  channel  for  annouc- 
ing  the  audio  service  and  for  the  display  of  supporting 
advertising  material.  4 
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The  audio  material  is%recorded  on  a proprietary  tape 
machine,  utilizing  1/2 K audio' tape  capable  of  providing 
12  hours  of  programming.  In  the  recording  process  a mini 
computer  is  used  to  provide  identifying  tapes  that  are 
keyed  to  announcements  and  advertisements  which  are 
automatically  presented  to  the  system  by  a character 
generator.  The  end  result  is  a presentation  on  the  TV 
screen  of  the  FM  channel  number,  the  name  of  the  selec- 
tion being  played,  the  record  ordering  information  and 
the  names  of  the'  upcoming  selections.  This  is  displayed 
for  thirty  seconds  and  the  sound  channel  carries  the 
audio  being  advertised.  The  bottom  half  of  the  screen 
can  carry  character  generator  advertisements  of  a 
presentation  from  a viedo  source,  in  color  or  monochrome. 

4.  "Privacy  For  Cable  Services"  - Frank  R.  Eldridge 

Mr.  Eldridge  reviewed  the  work  that  has  been  in 
progress  to  develop  new  cable  services  and  pointed  out; 
the  many  problems  of  providing  privacy  for  a large 
number  of  these  services.  Many  of  the  proposed  ser- 
vices such  as  mail  delivery,  credit  checks,  access  to 
files,  etc.,  will  need  a high  degree  of  privacy  that 
does*  not  appear  to  be  available  with  many  of  the  pro- 
posed systems  which  carry  all  of  the  information  tp  all 
parts  of  the  cable  system. 

i 

He  displayed  block  diagrams  of  a terminal  system 
developed  by  MITRE  with  addressing  and  selective  gating, 
allowing  only  the  approved  recipient  to  have  access  to/ 
a private  channel;  but,  in  this  case,  he  proposes  that 
only  the  control  keyboard  and  display  unit^  be  available 
in  the  subscriber's  location.  All  active  interrogation, 
addressing  and  gating  electronics  are  to  be  located 
outside  the  home,  either  in  a local  distribution  center, 

on  a pole  or  strand  or  in  an  underground  housing. 

1 ■* 

5 . "VTR's  - Trade-Offs,  Compatabilities  and  Problems" 

/ 

Mr.  Keys  substituted  for  Mr.  Hymas  and  reviewed 
the  video  tape  recorders  and  players  available  to  the 
cable  operators,  their  advantages  and  disadvantages. 

Among  the  major  problems  with  slant  track  machines,  he 
pointed  out  that  the  lack  of  time  base  stability  pre- 
sents the  possibility  of  "flagging"  on- many  home  re- 
ceivers due  to  the  receiver's  long  time  constant  hor- 
izontal AFC  circuitry.  Potential  buyers  of  equipment 
were  warned  not  to  ’observe  the  output  of  these  machines 
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on  video  monitors  or  short  time  constant  receivers  or 
they  will  not  truly  see  what  might  happen  to<  a large 
number  of  receivers  on  their  system. 

The  variety  of  systems,  their  incompatibility  and 
performance  were  discussed.  It  was  suggested  that  the 
widespread  use  of  videocass<“tts  will  soon  overcome  the 
interchangeability  problem,’  and  these  units  will 
probably  be  so  universal  as  to  create  a standard 
format.  When  selecting  video  tape  equipment,  the  audience 
was  warned  to  analyze  the  specifications,  compare 
them  to  their  needs,  and  to  check  carefully  to  see  if 
the  offered  equipment  is  merely  in  prototype,  or  is 
really  in  manufacture.  * j 
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AUDIO  EQUIPMENT  FOR  CATV 
Bernard  Wise 

CCA  Electronics  Corporation 
Gloucester.  City,  N.J. 


CATV  has  come  of  age.  The  combination  of  normal  aggressiveness 
on  the  part  of  CATV  operators  together  with  FCC  suggestions  towards 
origination  of  programming  has  motivated  CATV  technical  personnel  to 
update  their  technical  facilities  to  incorporate  the  latest  techniques  in 
both  visual  aural  production  and  reproduction  equipment. 

The  purpose  of  this  presentation  is  to  summarize  the  conventional 
audio  techniques  that  arc  being. utilized  in  the'AM-FM  broadcast  indus- 
tries and  noting  their  application  in  the  CATV  industry. 

*• 

CCA  Electronics  is  one  of  the  leaders  in  the  manufacture  and  dis-  • 
tribution  of  AM  and  EM  broadcast  and  studio  equipment.  The  purpose 
of  this  presentation  is  to  familiarize  the  CATV  operator  with  the  state 
of  the  audio  art  in  the  AM  - FM  area  with  the -hope  that  possibly  these 
techniques  are  applicable  to  your  area. 

Audio  equipment  for  CATV  must  be  classified  into  two  general  areas. 
The  first  area  relates  to  programming  material  in  which  both  the  audio 
and  video  are  non- separable  from  each  other.  For  example,  this  is  true 
in  the  area  of  films  and  video  tape  in  where  both  the  aural  and  the  visual 
intelligence  is  on  the  same  program  source.  The  second  general  classi- 
fication of  audio  equipment  for  CiATV  can  be  described  as  that  type  of  pro- 
gramming in  which- the  video  and  audio  arc  separable  from  each  other. 

This  cun  be  exemplified  in  the  production  area  where  slide  and  separate 
audio  sources  may  be  used  as  background  for  the  slides. 

Figure  2 describes  a representative  block  diagram  of  the  first  class 
of  audio  equipment,  namely  the  non-separablc  audio-visual  programming. 
’Here  you  will  note  that  a conventional  switcher  is  used  to  serve  as  the 
master  control  between  three  representative  program  sources.  Video 
switchers  are  designed  today  to  incorporate  the  feature  of  audio  follow. 
However,  in  many  installations  the  audio,  rather  than  being  fed  directly 
from  the  video  switcher  to  the* transmitter  is  fed  to  an  audio  console  in 
order  to  obtain  additional  master  {control. 

Figure  3 is  representative  of  an  audio  control  center. for  CATV  with 
suggested  audio  sources  relating  to  CATV  production  and  on  air  program- 
ming. ' Here  you.  will,  note  thal  a .master"  audio  console  with  six  independent 
channels  is  used, to, mix,  fade  .and  control  the  attdio  sources  from  six  inde- 
-peudent  program  sources.’  The  6utput  of  this/ audio  console  is  led  through 
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appropriate  compressing  and  limiting  equipnient  to  the  transmitter  as 
well  as  to  the  monitor,  audition  outputs  and  cue  outputs/  The  balance 
of  this  presentation^  will  relate  to  the  various  audio  equipments  des- 
cribed in  tliis  block  diagram  with  the  purpose  again,  pi  summarizing 

the  existing  techniques  that  relate  to  these  various  audio  sources, 

- / 

/ 

Reel  to  Reel  Tape  Equipment  (Figure  4) 

There  exists  a host  of  reel  to  reel  tape  equipment  that  do  have 
application  in  CATV  operations.  It  is  our  suggestion  that  before  se- 
lecting a reel  to  reel  tape  machine  that  the  following  considerations  lie 
given: 


Playback  or  Record  Play;  It  is  not  necessary  to  have  a combination 
record/ play  unit  in  every  studio.  Many  broadcasters  find  it  more 
economically  attractive  to  utilize  only  playback  machines  in  the  pro- 
gramming studio  and  utilizing  a combination  record/play  device  in 
the  production  area.  In  addition  to  the  economic  saving,  .it "tends  to 
prevent  inexperienced  operators  from  erasing  valuable  program 
material.  . 

» ... 

Reel  Capacity:  - Tape  machines  are  available  with  many  reel  capacities. 

T*\Cuiri0St  popular  size  is  tlie  taP°  machine  with  the  capability  of  handling 
lOg  reels.  A lOjr  reel  with  1 mil  mylar  is  capable  of  storing  1 •>, hours 
of  tapc  when  operating  at  7'2*"  per  second  and  3- hours  of  tape  when  oper- 
ating at  3 3/4  IPS.  . It  is  important  to  know  the  time  capacity  required 
for  your  operation  in  order  to  be  sure  that  you  do  not  purchase  a reel 
"to  reel  tape  machine  without  adequate  size.  ' * 

Speed  Requirements:  The  frequency  response  requirements  of  CATV 
are  not  as  stringent  aslstereo  PM,  and  thus,  the  speed  capacity  of  the 
reel  to  reel  tape  machine  should  incorporate  the  features  of  3 3/4  IPS 
and  7 2"  IPS.  Thq  former  could  be  used  for  local  program  origination 
and  to  be  sure  of  substantial  capacity,  while- the  fact  that  it  does  have 
the  facility  for  playing  back  7§  IPS  would  permit  the  reel  to  reel  tape 
machine  to  be  used  with  playing  back  sources  recorded  at  external  pro- 
duction areas  in  which  this  more  popular  recording  speed  might  have7  • 
been  made.  , 7 


Mounting  Requirements:  Reel  to  reel  tape  machines  are  available  in 
various  mounting  formlactors.  The  two  most  popular  formfactors  are 
19"  relay  rack  mounting,  while  the  second  is  a conventional  desk  top 
mounting.  For  proper  utilization  of  your  facility  it  is  important  that 
the  device  you  purchase  is  capable  of  fitting  the  formfactor  of  your 
physical  arrangement.  Some  desk  top  units  canuot  be  rack  mounted. 
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Number  of  Tracks;  Since'CATV  operation  is  monaural  in  nature, 
there  may  appear  to  be/little  reason  for  using  tape  machines  other 
than  full  track.  However,  since  so  much  material.  is  recorded  in 
stereo,  it  is  suggested  that  careful  consideration  be  given  to  pur- 
chasing a two  track  device  with  facilities  of  combining  both  the  left 
and  the  right  to  obtain  a monaural  output.  In  addition,  the  second 
track  can  be  used  as  a cueing  source  or  additional  control  channel. 
The  utilization  of  two  track  reel  to  reel  tape  machine  for  m’onaural 
operation  does  very  little  in  practice,  to  affect  the  signal  to  noise 


of  Ihe  system. 
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Cost;  Professional,  reliable,  high  quality  reel  to  reel  tape  machines 
are  available  in  both  the  record/play  and  the  playback  formfactor  at 
selling  prices  of  $700  to  $3,  000.  It  is  important  that  the  optimum 
compromise  be  made  between  cost  and  utilization  in  selecting  your 
reel  to  reel  tape  equipment. 

Audio  Cartridge  Equipment:  The  endless  tape  cartridge  utilized  in  broad-  - 
cast  audio  cartridge  equipment  has  proven  itself  to  be  the  most  reliable; 
highest  quality  program  source  for  commercials  and  short  program  material. 
It  has  tremendous  application  where  flexibility  and  reasonably  fast  access  is 
required.  In  broadcast  operation  it  appears  at  present,  that  audio  cartridge 
equipment  represents  the  most  important  audio  program  source  in  a broadcast 
facility.  When  purchasing  audio  cartridge  equipment,  it  is  suggested  that  you 
make  the  following  considerations: 

l ‘ * 

• t 

Playback  or  Record/ Play:  Generally,  it  is  not  necessary  to  invest  iri 
many  Record/ Play  devices.  One  or  possibly  two  record/play  units  for 
* production  is  'more  than  adequate,  while  two  or  three  playback  cartridge 


mac 


lines  genera.lly  will  meet  the  normal  requirements  of  a CATV  studio 
operation. 

j ' 

Cartridge  Capacity:  There  Exists  three  standard  cartridges.  The  more 

popular  cartridge,  the'  series  300,  / has  a jmaximum  time  capacity  of  10£ 
minutes.  The  600  and  1200  series1  can  achieve  capacities jaf  31  minutes. 
There  has  been  recently  a number  of  cartridge  machines  introduced 
which  are  designed  only  to  accept  the  smaller  cartridges.  They  are  very 
compact  and  three  units,  whose  width  is  less  than  5 3/4",  can  be  used 
in  a 19"  rack.  If  the  larger  cartridges  arc  intended  to  be  used  in  your 
CATV  operation,  these  smaller, cartridge  machines  will  not  be  as  attrac- 
tive. Therefore,  it  is  important  to  know  the  cartridge  requirements  you 
will  have  in  yoiir  CATV  operation. 
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Auxiliary  Tones;  Cartridge  machines  are  available  with  additional 
options  vlhich  include  secondary  and  tertiary  control  generators  and 
detectors.  These  tones  arc  generated  and  recorded  on  the  control 
track  and  may  be  used  lo  obtain  an  extremely  fast  format  with  back 
to  back  cartridge  plays  by  having  these  auxiliary  tones  triggering 
other  machines.  Thus,  while  the  first  cartridge  machine  is  playing 
to  its  original  cue  position,  the  other  machines  in  the  operation  may 
be  automatically  turned  on. by  the  auxiliary  tones  on  the  cue' tracks. 

If  this  is  the  ultimate  application  of  your  facility,  it  is  important 
that  the  cartricigc.machinos  that  you  purchase  either  incorporate  the 
auxiliary  tones  or  have  the  capability  of  having  these  tones  installed 
at  a future  date.  > 


Operational  Features;  Machines  are  available  with  various  operating 

controls.  The  older  .style  units  incorporated  lever  type  actions  before, 
the  cartridge  could  be  installed  and  set  for  operation.  Newer  units 
arc  available  in  which  just  the  application  of  the  cartridge  in  the 
machine  turns  on  the  start  rqotor  and  has  the  device  ready  for  instant 
operation.  . Depending  on  your  application,  one  particular  formfactor1 
may  have  an  advantage  over  the  other. 

• Cost;  Monaural  playback  machines  vary  in  cost  from  $395  to  $79&. 

A A combination  record/ play  unit  sells  for  approximately  $200  more 
than  the  playback  only  machine.  J 

Microphone  Equipment^  A host  of  microphones  arc!  available  for  the  CATV 
industry.  The  considerations  that  should  be  given  before. selecting  a micro- 
phone lire  suggested  to  be  as  follows: 


/ 
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l-fattern  Requirements:  The  most' important  requirement  of  a professional 
■microphone  is  that  the  pattern  of  the  microphone  |is  consistent  \fith  the 
application.  If -the  microphone  is  intended  for  close-up  operation/a 
specific  pattern  and  sensit ivity'shoiild  be  used.  On  the  other  haricl,  if 
there  exists  noise  in  the  recording  studio  or  operation  plant,  a/ directive 
pattern  could  substantially  reduce  the  effect  of  this  noise.  A microphone 
intended  for  a group  activity  should  -have  an  omni- directional  pattern., 

The  pattern  of  a microphone  is  extremely  important. , , • 

..."  ?'•  • 

Impedance;  Microphones  are  available  With'  both  low, and  high  impedance. 
To  reduce  the  complexity  of  the  overall  system  it  is  suggested  that  the 
low  impedance  balanced. microphone  be  used.  This  tends-  to\rcduce  the 
^complexity  of  station  installation  and  many  times  eliminates  the  require- 
ment for  custom  matching  .transformers.- 
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Cost:  Professional' microphones  with  the  frequency  response  and 

fidelity  nccessary'for  CATV  are  available  at  the  professional  user's 
cast  from  $50  Id  $200.  A host  of  microphones  are  available  in  each 


and  every  operators  requirements. 

Turntable  Equipment;  C’CA's  subsidiaries  QRK  and  Rck-O-Kut  are  two 
of  the  major  manufacturers  of  turntable,  tonearms  and  turntable  acces- 
sories. ,/As  a result  of  our  experience  in  this  area,  we  re  com  mend,  that 
beforc/purc^asing  turntable  qquipment  that  you  make  the  following  con- 
ations: 

Ins  Unit  Start;  We  feel  that  it  is  important  that  a professional  CATV 
operation  have  a .-turntable  which  after  Uie  application  of  the  start 
switch  achieves  its  final  speed  within  a,  very  minimum  time.  Turn- 
tables are  available  whieh  can  achieve  its  final  speed  in  less  than 
1/  6th  of  a revoluation.  * . ' 

Reliability:  Many  turntables' are  being  used  in  the  CATV  industry 
which  are  manufactured  for  the  consumer  industry.  Although  these 
turntables  are  very  useful  in  the  Hi-Fi  area,  the  ruggedness  required 
for  professional  use  insists  on  the  fewest  number  of  moving  parts 
and  trouble-free  operation.  The  simplicity  of  professional  turntables 
is  such  that  the  majority  have  no  more  than  three  moving  parts.  These 
units  can  be  expected  to  operate  trouble-free  for  many,"*  many  years, 
with  a minimum 'of  maintenance.  ^ 
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Preamplifier  "Head  Level":  It  is  important  when  considering  the 
purchase  of  preamplifiers  for  turntables  that  one  purchases  a pre- 
amplifier with  sufficient  head  room  such  that  when  there  is  a very 
loud  passage  on  the  record,  that  the  electronics  has  sufficient  head 
room  to  pass  this  loud  passage  without  "flat- topping"  and  introducing  / 
distortion.  Preamplifiers  are  available  such  that  flat -topping  does 
not  occur  until  at  least  +10  dbm  is  achieved.  This  is  approximately 
30  db  more  than  the  normal  -20  dbm  output  required  of  conventional 
turntable  preamplifiers.  ■ x . « • 1 

Record  W With  the  advent- of  Hi-Fi  stereo  and  the  extremely  high 
expens 0"bf  these  records,  it  is  imperative  that  tonearms  and  cartridges 
be. used  which  not  only  can  reproduce  .these  records,  but  also.- not  destroy 
' these  records.  Tonearms  in  the  past/  which  incorporated  viscus  damping 
had  a tendency  to  require  substantial  loading  to  assure  tracking  i It  is  ^ 
recommended  that  tonearms  which  require  a maximum  of  2.  5 grams 
be  used  with  present  day  state  of  the  artfrccords.  Under  this  loading 
little  record  wear,  if  any,  will  be  affected  by  the  tonearm. 
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Cost:  Turntables  are  available  to  meet  the  stringent  requirements 
of  CATV  operation  from  $175  to  $200.  Tonearms  are  available  from 
$50  to  $75.  Preamplifiers. are  available  from  $150  to  $175,  and 
- appropriate  furniture  to  meet  the  requirements  o jf  the  application 
from  .a  table  tope  base  at  $25  to  a free  standing  furniture  with  record 
storage  capacity  at  $150. 


Automation  Equipment; 

Perhaps  the  major  advance  in  audio  in  the  broadcast  field  has  been/ 
in  the  area  of  automation.  There  exists  today  a number  of  field  provep' 
automation  equipment  packages  which  can  achieve  unattended,  flexible/' 
operation  for  your  CATV  operation.  However,  since  so  many  formfactors 
exist,  it  is  imperative  that  careful  considerations  be  given  of  your  program 
requirements  before  selecting  automation  equipment.  ,We  suggest  that  you 
investigate  the  following: 


Format  Requirement;  First  analyze  what  the  application  of  your  equip- 
ment will  be.  It  is  important  that  you  also  understand  what  variations 
you  may  possibly  introduce  in  the  event  that  your  format  requires  modi- 
fications. The  equipment  that  you  consider  must  be  capable  of  having 
this  flexibility.  • 

i . • 

Access  Requirement : It  is  imperative  that  the  automation  equipment 

that  you  purchase  have  the  facility  of  access  consistent  with  your  re-  . 
quirements. 

‘ / 

Priority  Requirement:  In  many  program  formats,  it  is  necessary  to 
interrupt  the  normal  sequence  of  events  on  a time  or  a priority  basis. 

In  some  program  formats  the  interruption  is  only  done  on  an  hour  and 
half  hour  ba^sis  for  station  identification.  In  others  it  is  done  with  some 
frequency  to  introduce  spots.  However,  it  is  important  that  whatever/ ' 
equipment  you  purchase  has  the  capacity  to  accept  the  number  of  inter 
ruptions  of  the  normal  preset  sequence  approach  consistent  with  your 
requirement's.  • ' j 

Unattended  Ijime  Requirement:  The  function  of  an  automation  system  in 
addition  to  providing  management  with  absolute  control  is  hopefully,  to 
reduce  the  cost  of  personnel  operation.  Thus,  it  is  important  to  under- 
stand the  requirements  for  unattended  operation  of  your  facility.  This 
in  turn  would  influence  the  time  capacity  of- the. automation  equipment 
that  you  are  seeking.  ' . 
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Expansion:  It  is  important  that  you  carefully  consider  automation 
equipment  which  not  only  will  provide  your  immediate  requirement 
but  also  have  the  facility  for  being  expanded  at  d future  date  without 

superseding  the  existing  equipment. 

. ' // 

Cost;  Automation  equipment  is  available  at  realistic  prices  as  low 
as  $6,  000  and  as  high  as  $50,  000.  The  Mini  Automation  described  in 
Figure  8 which  incorporates  a 24  cartridge  carousel,  two  reel  to  rfcel 
record/playback  tape  machines,  and  one  outboard  cartridge  playback 
machine  with  150  cycle  detection  and  of  cdurse,  the  master  four  source 
brain  is  available  through  CCA  Electronics  at  $6,  300. 

Audio  Consoles;,  ' 

* * \ 

The  heart  of  jrour  cpmplet(TaudIo'facilityjis  the  studio  console.  The 
purpose  o£  this  console  is  to  switch,  fade  and! control  all  of  the  audio  sources 
in  your  facility.  Pictured  in  Figure  9 are  two  representative  audio  consoles. 
The  first  is  the  CCA  Futura  Six",  a Six  Channel,  modern  audio  console  with 
slide  faders  and  facilities  for  cue,  monitor  and  audition  in  addition  to  the 
normal  program  channel.  The  second  unit  is  the  popular  Shure  M67  Mixer. 
Both  of  these  units  or  variations  thereof  have  applications  in  a CATV  system. 
It  is  suggested  that  before  purchasing  an  audio  console  that  you  investigate 
the  following  considerations;  i 


Capacity:  Each  CATV  operation  has  a different  number  of  audio  sources. 
Each  CATV  operation  has  a different  modus  of  operandum. , Some  organi- 
zations require  independent  controls  for,  each  of  their  program  sources. 
Some  operations  would  be  content  to  hav.e  three  sources  being  applied  to 
the  same  chamiel  and  switching  between' the  three  sources.  There  are 
commercially  available  audio. consoles  with  facilities  from  six  to  twenty 
independent  audio  channels.  Each  of  thiese  audio  channels  may  have  as 
much  as  three  to  five  audio  inputs.  Thus,  it  is  possible  to  have  control  * 
of  as  many  as  eighteen  to  one  hundred  audio  sources. 

Cue,  Audition,  Monitoring;  If  it  isf  required  to  cue,  audition  and/or 
monitor  programming  in  addition  to  the“ normal  function  of  mixing; 
fading,  etc.,  it  is  important  that  you  <ponsider  conventional,  professional 
broadcast  audio  consoles.-  If  thesq  requirements  are  not  necessary  for 
the  application,  conventional  audio  mixers  asvexemplified  by  the  Shure 
Mixer,  could  more  than  do  the  application. 


Mechanical  Requirements; ■ It  is,  important  that  the  unit  meet  the  physical 
requirements  of  the  CATV  scene.  For  example,  at  remote /locations  or 
'man  in  the  street"  operations  where1  mixing  and  fading  of  various  audio 
sources  are  required  for  Recording  or  for  relay,  it  might  be  preferable 
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to  vise  lightweight,  battery  operated  Shure.  Mixer  than  the  more 
■ prestigious,  bulky  "FutUra  Six"  jiudio  console. 


Cost:  Audio  consoles  vary' from  the  $150  of  the  Shure  Mixer  to  the 

$1000  of  the  CCA  Futura  Six  to  the  $5,  000  CCA  Automatic  Ten  console. 

. Within  this  range  there  exists  a host  of  audio  console  formfactors, 
one  of  which  can  meet  the  requirements  of  your  CATV  facility. 

Figures  10  and  11  refer  to  CCA  prewired  audio  systems.  In  Figure 
11  we  have  a prewired  turntable  audio  console  microphone  all  mounted 
on  transportable  furniture.  This  unit  can  be  set  up  and  installed  in 
operation  in  a matter  of  minutes.  It  has  Cannon  plugs  on  its  skirt  to. 
which  can  be  connected  conventional  audio  program  sources.  This  unit 
is  ideal  for  local  originations  at  athletic  events  or  for  rapidly  setting  up 
a studio  or  production  room.  This  unit  sells  for  less  than,$2;  OpO.  The 
more  complex  prewired  system  pictured  in  Figure  sells  for  approxi- 
mately $7,  000  and  in  addition  contains  substantial  furniture,  a more 
. sophisticated  audio  .console,  a dual  turntable  system  andcrdual  cartridge 
system.  It  is  also  prewired  and  has  facilities  for  plug-in  program 
sources.  Obviously,  this  system  is  not  transportable,  but  it  can  still 
be  installed  and  set  up- in  an^operating  area  within  several  hours. 

: ' • - '[  J 

In  summary,  1 am  sure  that  all  knowledgeable  industry  personnel  * •• 
recognize  the  importance  of  having  a flexible,  reliable  and  professional 
audio  facility  as  an  intrigal  part  of  every  CAtV  operation.  I trust  that  this 
presentation  will  provide  you  with  an  introduction  to  the  present  state  of  the 
field  proveni audio  program  equipment  and  systems  for  the  broadcast  and 
CATV  industry.  - 

Thank  you. 

$ ' 
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CLASSIFICATIONS  OF  AUDIO  EQUIPMENT 
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FI  GURE 
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AUDIO  CONTROL  CENTER  FOR  CATV 


REEL  TO  REEL  TAPE  EQUIPMENT 
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FIGURE  9 


CCA  PRE-WIRED  AUDIO  SYSTEM 


$ 7,000  APPROXIMATE 


CCA  PRE-WIRED  AUDIO  SYSTEM 
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BACKGROUND  MUSIC 
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THE  T-MATIC™  VIDEOCASSETTE  PROGRAM  AUTOMATION  SYSTEM 
Lyle  O.  Keys,-  President,  TeleMation,  Inc. 


The  potential  for  local  origination  in  CATy  is  almost  limitless.  With  multiple 
channels  available  and  few  constraints  on  the  manner  in  which  these  channels 
are  utilized,  cable  systems  could  originate  many  hundreds  of  hours  of  program 
fare  per  week.  When  compared  to  this  potential,  local  origination  to  date 
has  been  a failure,  the  principal  reason  being  economic  factors.  These 
economic  factors  can  be  defined  by  three  letters' — "CPM" — the  advertiser's 
t jargon  for  cost  per  thousand  viewers.  The  cost  of  program  fare  has  been  tied 

to  broadcast  stations  who  typically  serve  ten  to  one -thousand  times  as  many 

sets  as  cable  systems  in  the  same  market.  The  cost  of  local  origination  equip- 
ment, while  lower  for  cable  than  for  broadcast,  is  still  high  when  viewed  on 
a cost-per-thousand  basis.  Most  significant  are  the  operating  costs.  Cable 
systems,  if  they  are  to  be  competitive,  have  to  employ  the  same  quantity  and 
type  of  personnel  to  program  a single  cable  channel  as  a broadcaster  requires 
to  program  his-channel.  Again,  on*  a cost-per-thousand  basis  the  cable 
operator's  expenses  are  sky  high. 

Times  are  changing.  The  software  owners,  to  whom  cable  was  just  a dirty 
word  two  years  ago,  are  at  this  convention  in  force  anxious  to  capitalize  on 
what  they  know  will  be  a lucrative  new  market  for  them.  It's  a safe  bet  thai 
the  cost-per-thousand  to  the  cable  operator  will  be  significantly  reduced  as 
competition  for  his  dollars  heats  up. 

\ . - ' 

My  talk  today^ involves  developments  that  will  affect  the  other  two 
economic  factore  mentioned,  equipment  costs  and  operating  costsc 
The  recent  development  and  introduction  of  the  Sony  U-Matic  videocassette 
equipment  is  the  k\y  factor  ^reducing  these  costs.  At  S995,  the  video- 
cassette player  is  less  costlyjthan  any  previously  available  color-videotape 

equipment,,  while  in  teqns  of  picture  quality  it  is  more  nearly  comparable  to 
open-reel  machines  in  the  $4,000  to  $8,000  price  range.,  These  cost  and 
quality  considerations  pllis  the  very  enthusiastic  acceptance  that  this  format 
has  received  to  date  tell  me  that  the  3/4"  cassette* will  substantially  replace 
16  mm  film  as  the  principal  duplication  and  distribution  medium  for  entertain- 
ment software  in  our  industry.  This  means  that  instead  of  tying  up  a 
$20,000  film  chain  running  a $400  print  that  becomes  unusable  after  15 
showings  to  program  a single  channel,  the  cable  operator  will  be  able  to  offer 
multiple  channel  programming  using  $995  decks  with  per-run  print  costs^ 
measured  in  pennies  rather  than  dollars. 

/ # 

Two  down  and  one  to  go.  The  videocassette  reduces  the  equipment  cost  and 
the  print  cost  but  someone  still  must  load,  pre-cue;  start,  stop,  and  rewind 
the  machines.  Someone  also  has  to  switch  audio  and  video;  and,  since  a 
reasonably  professional  transition  from  one  program  source  to  another  requires 
that  all  of  these  things  be  done  at  once,  that  someone  is  more  likely  to  oe 
twosomeones.  ; 
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FM  stations  a few  years  back  found  themselves  in  a similar  situation,  squeezed 
between  limited  revenues  and  high  operating  costs.  They  were  saved  from 
economic  disaster  by  a concept  known  as  program  automation. FM  broadcasters 
that  recognized  the  wisdom  ofvspending  $40,00.0  to  $80,000  to  convert  to 
- -(unmanned  operation  are  generally  alive  and  well  today. 

TeleMation  has  developed  a program  automation  system  analogous  to  those 
used  by  FM  stations  except  that  this  system  was  developed  for  the  CATV 
industry  and  does  its  thing  in  living  color  television  rather  than  audio  only. 

Its  price,  instead  of  being  $40,000  to  $80,000,  is  more  like  $5,000  to 
\ $10,000.  We  cal  I'  it  the  T-MATIC  M Program  Automation  System.  We  believe 

it  embodies  the  necessary  features  to  permit  continuous  unattended  programming 
. \ of  better  quality  and  in  a more  professional  manner  than  is  generally  provided 
by  manually  operated  systems.  It  provides  automatic  pre-rcueing^  starting, 
stopping,  rewinding,  and  program  switching  between  any  number  of  Sony 
U-Matic  players  or  between  its  own  players  and  external  program  sources. 

• Features  such  as  digital  tone  decoding,  solid  state  audio  and  video  switching, 
automatic  pre-roll  to  attain  machine  lockup  prior  to  switching,  and  a selection 
of  various  inferiTal  and  external  transition  modes  permit  a quality  and  contin- 
uity of  programming  approaching  broadcast  standards. 

This  slide  shows  the  T-MATIC  console.  It  is  equipped  with  lockable  front  and 
back  doors  to  permit  its  being  located  in  public  access  areas.  The  cabinet  is 
pressurized  with  filtered  air  to  minimize  dust  problems  that  would  shorten  head 
and  tape  life.  The  next  slide  shows  the  console  with  the  front  door  open. 

Four,  tape  decks  can  be  mountea  in  the  cabinet.  The  control  panel  mounts  at 
the  top,  while  10-V1  of  rack  mounting  space  is  provided  in  the  bottom  to  permit 
installation  of  modulators  or  other  equipment.  Casters  are  provided  to 
facilitate  rear  access  while  using  a minimum  of  dedicated  floor  space. 


The  next  slide  is  a view  of  the  control  panel.  The  group  of  switches  on  the 
left  are  for  event  control,  the  next  group  are  for  machine  selection,  and  the 
last  group  are  for  program  switching.  The  switches  and  indicators  in  each 
horizontal  row  are  Associated  with  a single  event — an  event  being  a transition 
from  one  program  source  to  another.  At  the  far  left  in  each  event  row  is  a 
SKIP  switch.  When  a SKIP  switch  is  depressed,  its  event  is  removed  from  the 
sequence.  In  installations  involving  only  two  Or.  three  players,  SKIP  switches 
are  used  to  limit  the  number  of  active  events  to  those  required  to  sequence  . 
between  the  machines  and/or  program  segments  actually  used. 


Before  describing  the  mode  selection  switches  I will  digress  for  a moment  and 
discuss  the  concept  of  cueing.  Cue  signals  are  tones  placed  on  one  of  the 
two  audio  tracks  to  accomplish  the  fojlowing  tasks: 


\ . 


1.  Pre-cue  tapes  at  the  time  the  machines  are  loaded. 

\ . . 

2.  Pre-roll  machines  to  achieve  servo  and  color  lock-up 

prior  to  airing.  '7' 
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3.  Switch  audio  and  video  from  one  machine  (or  external  source) 
to  another. 

4.  Stop  machines  after  completion  of  a program  segment. 

5.  Rewind  machines  after  the  last  segment  on  each  reel  is 
played. 


6.  Pre-cue  tape  to  start  position  after  rewind  is  completed. 

7.  Insert  commercial  or  promotional  announcements  at  appro- 
priate breaks  in  the  program  material  with  all  of  the  mabhine 
control  and  program  switching  functions  handled  automatically. 


The  T1- MAT  1C  system  uses  three  cue  tones  to  accomplish  these  tasks: 

The  START  cue  is  placed  at, the  beginning  of  each  reel.  Its 
principal  use  is  to  pre-cue  the  tape  to  the  start  point  when 
initially  loaded  or  following  the  automatic  rewind  cycle.  It 
is  placed  four  seconds  before  actual  start  of  programming  to 
provide  adequate  time  for  machine  lock-up  prior  to  program 
switching. 

STOP  cues  are  used  where  a tape  is  to  be  interrupted  but  not 
rewound.  STOP  cues  are  placed  on  the  tape  four  seconds 
prior  to  the  actual  stopping  point  to  permit  pre-roll  of  the 
_i  next  source. 

END  cues  are  recorded  four  seconds  before  the  end  of  the 
last  program  segment  on  each  reel.  The  END  cue  performs 
the  same  starting,  stopping,  and  switching  functions  as  the 
STOP  cue.  In  addition  it  causes  the  tape  to  be  rewound  and 
re-cued  ready  to  be  aired  again. 

There  are  six  switches  associated  with  each  event  to  determine  the  source  and 
mode  of  program  transition.  The  first  three  permit  selection  between  the- 
START,  STOP,  and  END  cues  picked  up  from  the  machine  in  play.  The  last 
three  buttons  permit  control  from  various  external  sources  such  as  a live  studio, 
non-duplication  programmer,  or  from  other  T-MATIC  consoles.  Selecting 
any  one  of  the  six  controlling  sources  locks  out  all  others — Thus  the  operator 
can  select  the  right  transition  mode  even  though  there  may  be  more  . than  one 
cue  tone  at  a program  break.. 

The  programmer  provides  for  six  actual  events  (numbered  1-6)  and  one  virtual 
event,  which  we  label  "the  reversion  event."  The  reversion  event  has  been 
incorporated  to  permit  repetitive  insertion  of  material,  generally  promotional 
or  commercial  announcements  from  a single  machine  with  prdgramming 
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reverting  to  the  previous  event  in  play  upon  completion  of  the  announcement. 
Without  this  reversion  capability  it  would  be  necessary  to  use  up  two  of  the 
six  events  for  each  announcement  inserted.  With  the  reversion  feature,  the 
six  events  are  preserved  for  transitions  from  one  program  machine  to  another 
or  between  external  sources  and  the  T-MATIC  system.  The  transitional  mode 
between  the  program  deck  and  the  reversion  deck  is  determined  by  two  sets 
of  switches.  Normally  STOP  cues  are  used  for  both  entering  the  reversion 
mode  deck  and  returning  to  the  program  deck. 

The  reversion  enable  switch  associated  with  each  event  permits  the  operator 
to  override  the  reversion  mode.  If  the  reversion  mode  is  not  enabled,  pro- 
gramming sequences  to  the  next  unskipped,  event  upon  sensing  the  selected 
cue  tone.  , 

' ' \ 

The  manual  take  switches  can  be  used  to  preset  or  override  the  event  counter. 
These  switches  can  also  be  duplicated  remotely  to  permit  external  manual  or 
machine  control  of  the  system. 

The  next  event  and  event-in-play  lights  provide  a quick  visual  check  of  the 
system  status. 

The  machine  selection  buttons  permit  full  machine  assignment  flexibility.  Up 
vto  five  sources  can  be  handled  by  the  system.  In  most  configurations  these 
sources  will  consist  of  up  to  four  videocassette  decks  plus  one  external 
source.  / 

The  two  rows  of  vertical  switches  on  the  right  control  the  program  and  monitor 
switcher  busses.  Program  switching  is  normally  handled  automatically  by  the 
programmer  so  this  switch  will  be  used  only  for  emergency  operation  where 
direct  manual  access  to  a given  machine  is  required.  The  video  and  audio 
outputs  from  the  monitor  switcher  normally  go  to  a monitor  mounted  on  top 
of  the  console.  This  switch  permits  monitoring  any  of  the  decks  while 
off-line  for  checking  program  material  without  interrupting  the  on-air 
operation.'  A sixth  position  of  this  switch  permits  continuous  monitoring  of 
the  program  line  out.  -Video  test  points  are  provided  at  the  output  of  both 
switcher  busses,  while  a switchable  VU  meter  permits  monitoring  of  either 
program  audio  as  selected  by  the  program  or  monitor  switcher  bus  or  cue 
channel  audio  as 'selected  by  the  monitor  switcher  bus. 

’ I 

The  next  slide  is  a rear  view  of  the  console  showing^  the  electronics  card 
cage.  The  next  slide  shows  the  card  cage  by  itself.  All  of  the  active 
electronics  are  mounted  on  these  circuit  boards.  A board  extender  is 
included  with  the  system  to  facilitate  servicing  the  electronics  while  in 
operation.  Reading  from  left  to  right,  the  first  five1  circuit  card  slots 
accommodate' either  Machine  Control  Modules  or  External  Control 
Modules.  The  picture  shows  four  Machine  Control  Modules  and  one 
External  Control  Module  installed.  Each  Machine  Control  Module 
provides  AC  power  to  its  associated  deck.  The  control  cable  connects  to  the 
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Control  Remoting  Module  attached  to  the  front  of  the  machine  foroperating 
the  PLAY,  STOP,  and  REWIND  keys.  Normally  only  two  of  the  audio  input 
jacks  are  used,  one  for  program  and  one  for  cue  audio.  The  third  audio  jack 
is  in  anticipation  of  stereo  applications  where,  by  means  of  an  external  filter, 
the  cueing  signals  can  be  separated  from  the  program  material.  The  terminal 
board  on  the  External  Control  Module  provides  connections  for  cueing  and 
control  signals  to  and  from  other  T-MATIC  consoles  or  external  controls  and 
sources.  Video  and  audio  from  the  external  sources  are  switched  to  the 
program  output  line  when  the  external  source  is  selected  by  the  programmer. 

Next  is  the  output  amplifier  card  providing  both  program  and  monitor  audio 
and  audio  and  video  outputs.  The  master  logic  circuit  card  contains  the  various 
counting  and  timing  circuitry  required  for  the  programmer.  The  last  four  slots 
accommodate  event  control  cards.  Each  of  these  cards  contains  the  logic 
circuitry  associated  with  three  events.  The  normal  configuration  provides  for 
two  cards  controlling  six  events.  The  two  remaining  slots  would  allow  for  the 
addition  of  two  more  Event  Control  Modules.  These  additional 
modules  along  with  an  event  expander  panel  would  increase  the  system's 
capability  to  12  actual  plus  one  virtual  event.  The  expander  panel  is  * 
not  yet  available  and  will  only  be  manufactured  based  on  a demon- 
strated need  for  event  expansion. 


The  terminal  strip  along  the  bottom  of  the  card  cage  permits  external 
control  of  individual  events.  The  next  series,  of  slides  shows  the 
electronics  modules' removed  from  the  card  cage.  First  is  the  Machine 
Control  Module.  It  provides  power  to  the  cassette  machine  and  includes, 
the  logic  and  driving  circuitry  for  the  remote  operation  of  the  machine 
controls.  It  incorporates  tone  sensing  and  five  video  and  audio  switcher 
cross  points.  The  next  slide  is  the  External  Control  Module.  Next  is 
the  video  and  audio  amplifier  card.  The  next  slide  is  the  master  logic 
card.  It  incorporates  all  of  the  electronics  except  that  which  is 
peculiar  to  either  machine  control  or  event  control.  Next  is  the 
'Event  Control  Module. 


The  next  slide  shows  the  Sony  VP-1000  Videocassette  Player.  This  player, 
in  addition  to  providing  good  color  reproduction,  is  expected  to  be  very 
reliable  in  CATV  applications.  This  expectation  is  based  on  extensive  life 
testing  recently  completed  by  a major  industrial  c/dncern,  and  the  cassette 
concept  eliminating  a major  source  of  equipment  failures  by  reducing 


mistreatment  during  loading  and  unloading  operations.  Another  feature  of 
the  Sony  machine  that  makes  for  ease  of  automation  is  its  automatic  end-of- 
tape  sensing  at  both  the  beginning  and  end  of  the  tape.  The  machine  is,  in 
fact,  ideal  for  incorporation  in  an  automation  system,  except  in  one'regard — 
it  is  not  designed  for  remote  control.-  The  keys  that  control  the  fasKforward, 
play,  stop,  and  rewind  functions  perform  many  mechanical  as  well  as  electrical 
functions,  therefore  making  it  impossible  to  convert  the  machine  to  remote 
control  through  electrical  modification  only.  This  fact  plus  our  desire  to 
leave  the  basic  machine  unchanged  led  to  the  development  of  the  T-MATIC 
Control  Remoting  Module. 


200 


/ 

/ 

/ 


The  player  is  shown  with  the  T-MATIC  Control  Remoting  Module  installed. 
The  next  slide  shows  it  with  the  cover  removed.  The  next  slide  shows  *he 
machine  side  of  a Control  Remoting  Module.  In  operation,  one  of  three 
solenoids  is  energized  to  pick  the  correct  operator  while  the  drive  motor 
goes  through  one  revolution.  The  three  operators  are  mounted  on  a carrier 
that  is  cam  operated  from  the  drive  motor  moving  in  a vertical  plane. 

Using  the  motor  to  power  the  key  actuation  treats  the  machine  more  gently 
as  well  as/allowing  use  of  very  small  solenoids.  Since  the  solenoid  is 
already  in  contact  with  the  bottom. of  the  operator  when  it,is  energized, 
it  requires  only,  about  one  one-thousandth  of  the  energy  to  exert  a given 
pull  as  would  be  required  if  the  solenoid  itself  were  lo  power  the  key 
actuation.. 

The  last  slide  shows  a small  cue  tone  generator  rhat  we  have  developed  for 
the  convenience  of  both  T-MATIC  users  and  duplicating  centers.  Several 
of  these  units  have  already  been  distributed  to  duplicating  centers.  We 
expect  that} all  centers  equipped  to  produce  Sony  U-Matic  dups  will  be 
equipped  with  these  generators  within  the  next  few  weeks.  • 

Some  of  the  applications  of  the  T-MATIC  system  for  CATV  are: 

As  a free-standing  program  source  to  program  a separate  channel  on 
the  system,  a single  T-MATIC  console  can  provide  up  to  five  hours  of 
programming  while  two  consoles  can  provide  eight  hours  of  program- 
ming. This  programming  can  be  continuously  repeated  for  24-hour-a- 
day  unattended  operation. 

As  a manually  accessed  program  source,  the  T-MATIC  system  can  pro- 
vide commercial  announcements,  feature  stories,  and  news  clips  to 
support  live  studio  programming.  A small  desk  top  control  box  permits 
the  talent  themselves  to  access  the  various  T-MATIC  machines.  A 
four-second  warning  light  on  the  same  control  box  tells  the  announcer 
of  the  impending  switch  back  to  live  camera  operation.  A strictly 
one-man  news  show  can  thus  be  a reality. 

The  T-MATIC  system  can  be  used  as  a source  of  non-duplication  pro- 
gramming by  simply  routing  the  audio  and  video  from  the  station  to  be 
^ protected  through  the  T-MATIC  switcher  and  Controlling  the  switcher 
from  the  system's  non-duplication  programmer. 

It  can  be  integrated  with  film  chains  or  open-reel  recorders  using  the 
control  signals  from  the  automation  system  to  start,  pre-roll,  and  stop 
the  recorders  or  projectors. 

It  can  be  used  to  program  educational  channels  where  the  cable  system, 
using  their  non-duplication  programmer  and  T-MATIC  system,  can  pro- 
vide automatic  pre-programmed  unattended  origination  of  educational^ 
fare  as  well  as  distribution  to  classrooms  throughout  the  community. 
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One  final  thought.  1 he  T-MAliC  system,  although  composed  of  veiy  simple 
logic  elements,  is  rather  complex  token  as  a whole.  What  this  complexity  of 
circuitry  buys  us  is  simplicity  of  operation  to  the  point  that  we  expect  most 
T-MATIC  consoles  to  be  situated  in  the  front  offices  of  cable  systems  with 
programming  accomplished  by  office  girls. 
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TAP  I AUTOMATIC  PROGRAMMER 
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TAP-1  ELECTRONICS  CARD  CAGE 
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SONY  VP-1000  PLAYER  WITH  T-MATIC  CONTROL  REMOTING  MODULE  MOUNTED 
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MOUNTED  CONTROL  REMOTING  MODULE  WITH  COVER  REMOVED 


CONTROL  REMOTING  MODULE  SHOWING  KEY  OPERATORS 
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DISCABLfi  is  a new  concept  ihxcable  services  combining  FM 
stereo  programming  and  video  display  for  CATV  systems. 
DISCABLE  is  a combination  hardware-software  package  that 
places  up  to  fifty  channels  of  highly  tailored  musical  and 
radio  programming  on  the  FM  portion  of  the  cablecasting 
band.  In  addition,  DISCABLE  presents  a video  printout  of 
the  FM  programs  on  useable  cable  TV  channels , while  pro- 
viding the  insertion  of  local  video  information  messages. 

The  DISCABLE  system  is  automatic  in  operation  and  is  con- 
trolled by  long  play,  pre-recorded  tape  operation,  produced 
by  a central  production  agency. 

With  the  new  growth  scheduled  in  the  top  one  hundred  mar- 
kets , cablecasters  are  faced  with  limited  income  revenues 
from  the  FM  broadcast  band.  (88  to  108  MHz.)  Duplication 
or  re-broadcasting  of  “over  the  air"  FM  stations  may  pro- 
vide little  incentive  for  home  listeners  to  subscribe  to 
cable!  FM  because  of  the  abundance  of  Grade  A FM  signals. 
Therefore,  local  origination  of  new,  non-competitive  radio 
and  music  services  will  prove  necessary.  \ 

DISCABLE  can  supply  an  alternate  program  service  through  a 
unique  long  play  tape  system.  , The  tape  format  will  be 
one-half  inch  wide,  employing  eight-quarter  tracks,  running 
bi-directional  at  the  speed  of  ?.5ips.  This  provides  TWO 
STEREO  PROGRAM  SERVICES  per  reel.  Two  reel  sizes  will  be 
used,  ik  inch  and  10.5  inch.  The  long  play  reels  will  use 
one  mil,  mylar  base  tape,  supplying  six  hours  total  running 
time  per  14  inch  reel  at  the  normal  speed  of  7.5ips.  lower 
quality  programming  may  run  at  3.75ips,  supplying  up  to 
twelve  hours  of  program  time  per  reel. 

Special  14  inch  tape  decks  are  used  to  play  back  the  program 
tapes  • These  decks  are  horizontally  mounted  in  a standard 
rack,  and  pull  out  on  tray  slides  for  loading.  Concentric 
reel  hubbing  is  used  for  space  consideration  on  the  supply 
and  take-up  reels.  Therefore,  the  decks  mount  one  over  the 


other,  like  file  drawers,  providing  maximum  deck  space  in 
the  minimum  of  rack  and  floor  space.  Up  to  six  decks  may 
be  housed  in  one  rack.  The  additional  rack  space  holds  the 
associated  electronic  hardware  and  monitors. 

Each  equipment  package,  called  a "SOUND  ISLAND,"  provides 
up  to  thirty-six  hours  of  uninterrupted  and  unmanned  stereo 
programs  for  TWO.  separate  FM  radio  channels.  FM  stereo  modu- 
lation generators  are  included  in  each  Sound  Island.  Auto- 
matic tape  cueing  and  switching  is  employed,  as  well  as  the 
use  of  the  Dolby-B  noise  reduction  system.  All  equipment 
access  will  be  from  the  front  of  the  Sound  Islands,  allowing 
the  cabinets  to  be  placed  back-to-back  or  against  building 
walls.  Additional  Sound  Islands  may  be  added  for  future 
channel  expansion. 

DISCABLE  is  proposing  to  divide  the  fifty  FM  channels  into 
three  basic  groups  for  programming.  Group  one  will  be  de- 
voted to  the  promotion  of  the  Recording  Industry.  Group  two 
will  be  reserved  for  "Public  Affairs."  (i.e.  Public  Service, 
Government,  Educational  and  Institutional  programming.)  And 
the  third-  group  of  FM  channels  will  be  reserved  for  “high 
entertainment  radio  show."  (i.e.  pay- radio,  syndicated  pro- 
gramming, special  services.) 

Of  Special  interest  to  CATV  operators  is  the  tie-in  of  digital 
display  printout-on  adjoining  television  channels  of  the  publi- 
cation of  the  program  guides  of  the  various  FM  radio  channels. 
This  information  is  taken  directly  from  the  program  tapes  and 
remains  in  perfect  syncronization  with  the  program  material. 

This  readout  will  be  displayed  for  thirty  seconds  on  the  tele- 
vision set  and  the  sound  of  this  particular  radio  channel  will 
modulate  the  TV  aural  channel.  Then  the  TV  display  and  sound 
switch  to  the  next  FM  radio  channel  to  be  monitored.  As 
more  Sound  Islands  are  employed,  or  the  more  FM  channels  broad- 
cast, several  additional  TV  channels  may  be  used  for  the  pro- 
gram guide  printout,  (i.e.  one  TV  channel  for  each  of  the  three 
basic  FM  programming  groups.)  Local  advertising  or  message  data 
may  be  inserted  by  the  cablecaster  for  display  on  the  TV  channels 
using  the  built-in  splitscreen  technique.  This  display  will  be 
seen  below  the  program  guide  information  as  shown  in  Figure  1. 
Color  keying  will  be  used  to  separate  the  readout. 

Exposure  and  promotion  of  the  products  of  the  recording  industry 
is  a natural  source  for  part  of  the  DISCABLE  programming.  The 
following  technical  information  of  DISCABLE  is  discussed  with 
that  format  in  mind. 


Technical  Discussion: 


The  overall  operation  of  the  DISCABLE  system  is  explained  with 
reference  to  Figure  2 in  which  is  shown  the  arrangement  of  com- 
ponents as  the  head-end  of  the  CATV  facility.  Stereo  tapes  pre- 
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pared  with  Dolby-B  processing  are  played  on  auto-reversing 
playback-only  machines.  Tapes  are  7,200  feet  long;  running 
at  7.5ips,  they  offer  6 hours  of  programming  when  run  through 
in  both  directions. 

Each  selection  on  the  tape  is  preceded  by  digital  data  re- 
lating to  the  name,  recording  group  or  artis,  composer, 
record  label  and  catalog  number  for  the  selection  about  to 
be  heard.  This  digital  information  is  called  a selection 
“header."  The  header  also  contains  information  about  one  or 
more  following  pieces.  The  header  information  is  recorded 
as  a series  and  parallel  combination  of  tones  so  that  the 
digital  format  will  be  compatible  with  audio  playback  machines. 
Selection  of  tones  and  their  duration  are  such  that  it  is  un- 
likely that  they  will  be  inadvertently  duplicated  in  the 
program  material  and  thereby  create  confusion  of  header  and 
audio  in  the  decoder. 

Each  line  of  video  program  guide  that  will  be  developed  from 
the  header  is  stored  in  a separate  integrated-circuit  memory, 
as  shown  .in  Figure  2.  The  line  memories  are  each  6x32  or 
6x40  bits  in  capacity,  permitting  either  32  or  40  characters 
of  data  per  raster  character  line  from  the  half-ASCII  set  of 
64  possible  alphanumeric  and  special  characters.  The  use  of 
individual  line  memories  allows  flexibility  of  presentation-- 
for  instance,  scrolling  of  portions  of  the  display  and  steady 
presentation  of  other  lines.  There  is  a set  of  line  memories 
for  each  stereo  channel.  Th'i  program  guide  printout  in  each 
set  is  sequentially  shown  on  a TV  channel.  The  guide  infor- 
mation is  presented  on  the  top  or  bottom  half  of  the  raster, 
with  the  remaining  half  available  for  local  advertising.  Dif- 
ferent colors  for  the  two  halves  set  off  the  two  sets  of  ma- 
terial. The  audio  material  cablecast  over  each  FM  channel  is 
sampled  and  used  as  audio  background  for  the  video  guide  when 
the  associated  program  information  is  being  shown.  All  tim- 
ing for  sequential  presentation  of  material  and  scrolling  and 
advertising  changes  is  conveniently  obtained  from  the  vertical 
synch  for  the  video  channel. 

Video  quide  information  is  gathered  from  the  tape  into  6-bit 
character  groups  and  stored  in  the  various  line  memories  • 

Lines  containing  fewer  than  the  maximum  number  of  characters 
are  filled  with  ASCII  spaces  or  blanks  to  avoid  recirculation 
and  display  of  old  data.  After  the  information  has  been  read 
from  the  tape  and  stored,  the  end  of  the  digital  header  is 
sensed  and  control  of  the  memory  is  given  over  to  the  recircu- 
lation and  readout  control.  Characters  are  generated  in  dot- 
matrix form  from  their  6-bit  ASCII  equivalents.  The  6-bit  data 
are  recycled  through  the  line  memory  to  permit  as  many  video 
presentations  as  will  be  required  for  the  duration  of  the  pro- 
gram selection  being  reproduced  from  the  tape  at  the  moment. 

U T»a  Memory  readout  is  controlled  sequentially  in  accordance 
with  raster  vertical  position.  If  there  are  more  line  memories 
than  lines  presented  in  the  video  program  guide  format,  the 
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line  memories  can  be  s'elected  in  sliding  groups  such  as  1 
3»  4»  then  2,  3,  4,  5,  then  3,  4,  5,  6,  and  so  forth  to 
effect  a scrolled  guide.  Other  line  memories  filled  from  a 
source  other  than  the  program  tape  (such  as  cassette  or 
paper  tape)  are  also  processed -in  the  sequence  to  fill,  say, 
the  bottom  portion  of  the  raster  to  provide  advertising  space, 
Advertising  is  changed  or  sequenced  independently  of  the  pro- 
gram guide  information  and  continues  while  the  program  guide 
memories  are  being  updated  and  while  the  program  tape  is 
awaiting  change  or  maintenance. 


In  addition  to  the  headers  for  each  audio  selection,  there 
are  cueing  control  tones  and  a tape  reel  identifier  on  the 
tape.  The  identifier  is  a tone— code  placed  at  the  beginning 
of  the  reel  that  is  sensed  after  the  tape  is  started.  The 
identifier  tones  are  recorded  in  a tape  cassette  for  verifi- 
cation and  audit  purposes.  The  tone  code  contains  cassette 
start  and  stop  commands  as  well  as  ID  information,  thus 

verification  procedure.  Cueing  tones  recorded 
at  the  beginning  and  end  of  the  tape  set  up  the  tape  to  the. 

recorded  material,  reverse  the  direction, 
and  finally  stop  the  tape  after  the  reverse-direction  tracks 
have  been  played  and  the  tape  is  wound  back  onto  its  original 

1*66  X • 


Tape  masters  are  prepared  with  the  aid  of  a mini-computer, 
as  shown  in  Figure  3.  The  mini  both  directs  the  sequence  of 
selections  to  be  recorded  and  generates  the  digital  tone  codes 
for  the  selection  headers.  After  a three-  or  six-hour  pro- 
gram has  been  decided  upon- and  details  have  been  laid  out, 
two  lists  of  the  selections  are  drawn  up.  One  list  contains 
details  concerning  each  selection  as  mentioned  earlier:  the 
entries  in  this  list  will  appear  in  the  two  "now  placing" 
character  lines  of  the  video  presentation.  The  other  list  is 
comprised  of  less  detailed  information  about  each  selection 
and  each  such  entry  will  occupy  one  video  character  line  in 
the  next  to  be  heard"  list.  The  lists  are  typed  on  a key- 
board entry  device  for  the  mini  and  stored  in  its  memory, 
subject  to  verification  and  correction  of  list  data.  A four 
thousand  world  memory  is  sufficient. 


When  the  tape  is  first  created,  the  computer  types  out  the 
name  of  the  first  selection.  This  ensures  that  the  selections 
are  recorded  in  the  intended  sequence.  The  computer  is  then 
commanded  to  generate  the  tone  code  sequence  for  the  detailed 
list  entry  associated  with  the  upcoming  selection,  and  for 
several  entries  in  the  less  detailed  list  for  the  next  several 
selections.  The  computer  indicates  when  the  header  has  been 
completed  (several  seconds)  find  the  computer  pauses  while  the 

if  recorded.  The  operator  requests  the  name  of  the 

f?om  £he  comPuter  ®nd  the  process  is  repeated, 
now  with  the  next  entry  from  the  detailed  list  and  the  next 

ab§utPtoab!  recorded .0f>  selections  subsequent  to  the  selection 
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The  ASCII-coded  data  for  each  alphanumeric  character  in  a 
list  entry  are  treated  in  bit-serial  fashion.  Each  bit 
value  controls  the  states  of  tone  generators  encoding  data 
and  control  functions.  The  tone  sequences  thus  developed 
are  recorded  on  the  tape  and  comprise  the  header  that  is 
read  by  the  head-end  playback  equipment  and  reconstructed 
into  ASCII  characters  and  stored  for  video  presentation. 


Conclusion: 

The  DISCABLE  system,  for  the  first  time  in  radio  history, 
allows  the  addition  of  a visual  presentation,  promoting 
radio  tune- in. 


The  FM  radio  channels  must  not  be  ignored  or  discounted, 
during  the  fast  growth  of  cable  systems.  Badio,  by  itself, 
is  an  effective,  imaginative,  and  vital  communicator;  it 
should  be  used  and  expanded.  DIbCABLE  offers  an  exciting 
and  valuable  service  to  cablecasters  in  the  dynamic  communi- 
cations explosion  Dy  CATV.. 
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Abstract 

This  paper  reviews  the  need  lor  the  next  ggjier-ationof  urban  cable  systems  to 
provide  various  types  of  private  cable  services.  It  reviews  current  methods  of  provid- 
ing Premium  TV  services,  and  various  types  of  video  channel  switching  and  channel 
selection  systems,  as  well  as  the  types  of  address  gating  systems  currently  being  de- 
veloped and  demonstrated  by  The  MITRE  Corporation  on  the  Reston,  Virginia,  cable 
"system . Finally,  it  discusses  the  possibility  of  developing  a composite  channel-selection- 
ahd-address-gating  system  that  appears  to  oi  ler  an  attractive  and  relatively  inexpensive 
means  of  providing  both  private  services  and  Premium  TV  services  in  future  urban 
ciible  systems. 

/ 

WHY  PRIVACY 

l-'or  many  years  cable  has  spread  throughout  the  rural  areas  by  providing  im- 
proved signals  where  ofl'-the-air  reception,  is  poor.  However,  saturation  of  cable  sys- 
tems in  these  areas  is  rapidly  approaching.  New  opportunities  for  viable  systems,  that 
supply-only  offahe-air  signals,  are  becoming  harder  and  harder  to  find. 

In  order  to  reach  into  cities,  where  ma 
already  available,  cable  must  supply  a number 
Many  of  these  potential  services' will  require  at  least  some  degree  of  privacy  to  be  both 
effective  and  acceptable  to  the  public.  Mail  delivery,  bank-account  information,  credit 
checks,  stock  portfolio  information,  and. access  to  personal  flies,  are  all  examples  of 
services  that  will  require  privacy.  Security  of  files  of  private  information  stored  in 
central  processing  units  and  transmitted  to  thousands  of  terminals  in  homes  and-offiecs, 
served  by  the  cable  system,  will  be  needed.  Many. .people  will  demand  not  only  com- 
plete privacy  ol  information  transmiffedlpecifically  to  their  terminals  but  also  a right 
to  view  any  channels  without  information  being  gathered  on  which  channels  they  are 
tuned  into  at  any  particular  time. 

What  means  are  available,  then,  to  designers  and  operators  of  these  new  types 
of  cable  services,  that  will  guarantee  these  types  of  privacy? 

The  literature  contains  many  articles  that  present  possible  ways  of  maintaining 
security  of  private  Hies  stored  in  central  computer  memory  banks.-  These  include 
"special  computer  programs  that  store  private  information  in  a number  of  preselected 
sections  of  a memory  bank,  and  the  use  of  unique  cod.es  of  passwords  to  gain  access 
to  these  private  sections  of  a memory  bank. 

There  has  also  been  a great  deal  of  discussion  on  how  user  privacy  in  viewing 
of  open  channels  should  and  could  be  maintained. 3 


ny  satisfactory  olT-the-air  signals  are 
,of  new  and  attractive  types  of  services.* 
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However,  the  problem  of  how'lo.  maintain  the  security  of  private  information 
transmitted  to  terminals  in  homes  and  offices  throughout^  cabled  city  has  received 
relatively  little  attention.  This  is  the  probleni  that  is  focused  upon  here. 

N\ 

CHANNELS  AND  SERVICES  >' 

\ ■ 

A categorization  of  the  types  of  cable  channels  that  will  be  involved  in  these 
types  of  cable  systems  is  shown  in  Figure  I.  It  is  expected  that  most  cable  systems 
will  eventually  carry  both  downstream  channels  from  headends  to  the  system  termi- 
nals. and  upstream  channels  from  the  terminals  to  the  headends.  The  downstream 
, channels  can  be  classified  as  follows:  \ 

' . \ 

\ 

• Subscription  channels  — That  is,  channels  provided  to  subscribers  for  a \ 
monthly  fee,  and  which  carry  open  services,  available  to  everyone  as  in  N 
conventional  CATV,  as  well  as  private  services,  available  only  to  designated 
individual  terminals. 

.•  Exclusive  channels  — That  is,  channels  that  arc  provided  to  subscribers  and 
■ other  users  of  the  system  for  an  extra  fee.  These  channels  will  carry  , 

Premium  TV,  and  utility  services,  such  as  meter  reading,  or  selective  power 
control,  as  well  as  various  types  of  maintenance  services,  etc. 

In  general,  urban  cable  systems  van  be  expected  to  carry  both  one-way  and 
two-way  services  on  the  subscription  channels.  The  one-way  services  will  be  provided 
on  downstream  channels  carrying  conventional  video  signals  at  60  fields  per  second 
and  will  be  received  on  standard  TV  sets. 

Several  types  of  two-way  systems  are  being  developed  for  use  in  future  cable 
operations.^  These  will  carry  both  conventional  and  time-shared  video  and  data  sig- 
nals on  downstream  channels,  as  well  as  time-shared  data  signals  on  upstream  channels. 


The  types  of  services  that  can  be  provided  by  one-way  and  two-way  systems 
are  shown  in  Table  I.  The  one-way  subscription  services  will  include  local  and  im- 
ported off-the-air  signals,  mechanical  signals,  local  programming,  new  movies,  local 
sports  events  and  other  programs  that  will  normally  be  carried  on  the  open-service 
channels  and  can  be  tuned-in  by  any  subscriber.  In  general,  it  is  ex  pec  ted /that  private 
services  will  not  be  provided  on  conventional  one-way  systems,  but  rather  on*two-way, 
using  time-sharing  and  address-gating  techniques,  as  discussed  later.  Such  modes  will 
e.  enable  available  channel  space  to  be  used  more  effectively. 

As  indicated  in  Table  I,  the  two-way  system  could  carry  a variety  of'scrvices 
such  as  polling  services,  computer-aided  instructions,  slide  lectures,  social  services, 
video  library,  shopping  and  reservation  services,  and  a variety  of  others  on  time-shared 
open  channels  available  to  all  subscribers.  On  the  time-share'd  private  channels  they 
could  providc  services  such  as  mail  delivery,  bank  account  information,  credit  checks, 


Private  transmissions  using  two-way  time-shared  channels  will,  in  most  cases, 
be  originated  from  private  sources,  stored  and  retrieved  from  private  data  banks,  and 
-addressed  to  unique  terminals  in  the  cable  system. 
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FIGURE  1 

CLASSIFICATION  OF  CABLE  CHANNELS 


TABLE  1 

TYPES  OF  SUBSCRIPTION  SERVICES  PROVIDED 


ONE  WAY  SYSTEMS 

TWO-WAY  SYSTEMS 

• LOCAL  SIGNALS 

• POLLING  SERVICES 

• MECHANICAL  SIGNALS 

• COMPUTER-AIDED  INSTRUCTION 

OPEN 

• IMPORTED  SIGNALS 

• SLIDE  LECTURES 

CHANNELS 

• LOCAL  PROGRAMMING 

• HOME  COMPUTER 

• NF.W  MOVIES 

• SOCIAL  SERVICES 

• LOCAL  SPORTS  EVENTS 

• VIDEO  LIBRARY 

• ETC. 

• SHOPPING  SERVICES 

• RESERVATION  SERVICES 

• ETC. 

/ 

• MAIL  DELIVERY 

\ 

• BANK  ACCOUNT  INFORMATION 

PRIVATE 

rsONL 

• CREDIT  CHECKS 

CHANNELS 

; \ ■ 

• STOCK  POR/TFOLIO  INFO. 

\ 

• ACCESS  TO  PERSONAL  FILES 

• ETC.  ( 

227 


/ 


In  contrast,  Premium  TV  services,  such  as  first-run  movies,  special  national 
sports  events,  and  various  types  of  special  cultural  events  will,  generally,  be  cablecast 
on  exclusive  channels  to  large  audiences. 

PREMIUM  TV 

At  present,  a number  of  Premium  TV  Systems  are  being  developed  for  use  on 
cable. 5 Many  of  these  are,  currently,  aimed  primarily  at  hotel  and  motel  applications. 
Some  of  these  types  of  systems  are  summarized  in  Table  2.  Most  of  the  currently 
available  Premium  TV  systems  would  use  One-Way  cable.  Many  of  the  systems  transmit 
signals  that  arc  scrambled  by  removal  of  the  sync  pulses,  or  the  signals  are  switehed-on 
at  the  viewing  terminal  by  a central  control-station.  None  of  these  currently  available 
Premium  TV  Systems  would  be  suitable  for  sending  large  numbers  of  short,  individual 
private  messages  addressed  to  any  of  thousands  of  specific  terminals  in  a large  city. 

SWITCHING  SYSTEMS 

One  class  of  systems  that  should  be  considered  as  having  the  potential  for  pro- 
viding privacy  of  information  transmitted  via  cable,  are  switching  systems,  such  as 
those  produced  by  Rcdiffusion^  (i.e.  The  Dial-a-Program  System)  and  Ameeo^  (i.e. 
the  DISCADE  System).  However,  it  should  be  noted  that  the  switching  in  these  sys- 
tems, as  currently  designed,  is  controlled  by  the  viewer  rather  than  the  sender.  Each 
viewer,  therefore,  would  have  access  to  all  messages  on  every  time-shared  private 
channel  to  which  he  had  access  through  the  local  switching  center.  A possible  means 
of  overcoming  this  problem  would  be  to  supply  these  switching  systems  with  address 
gating  such  as  is  being  done  for  the  MITRE  T1CCIT  System.** 

ADDRESS  GATING 

In  the  T1CCIT  System  each  conventional  TV  field  carries  an  address,  in  the 
form  of  a scries  of  bits  inserted  before  the  vertical  retrace  period  that  precedes  the 
field.  If  the  address  of  a frame  matches  that  of  an  address  decoder  that  is  inserted  in 
the  system,  it  pass.os.th rough  a corresponding  gating  circuit  and  is  received  by  the 
terminal  to  which  it  is  addressed.  A unique  address  is  provided  for  each  terminal. 

Such  a configuration  is  shown  schematically  in  Figure  2.  A device  such  as  this,  which 
is  operative  in  Rcston,  Virginia,  is  shown  in  Figure  3.  with  the  top  removed. 

One  problem  in  regard  to  the  privacy  of  the  address-gating  as  presently  oper- 
ated on  the  MITRE  T1CC1T  System  in  Rcston  is  that  all  messages  carried  by  each 
channel  arc  sent  to  each  home  and  could  be  taped  and  read  by  every  user  of  the  sys- 
tem. Such  an  important  objective,  here,  is  to  maintain  security  for  all  private  messages 
on  these  channels,  each  subscriber’s  address  decoder  and  gating  circuit  should  be  lo- 
cated outside  of  his  home  and  preferably  in  a local  distribution  center  such  as  the 
strand-mounted  Area  Distribution  Center,  in  the  case  of  thc'DISCADE  System,  or  in 
the  Program  Exchange  Center,  in  the  case  of  the  Dial-a-Program  System.  This  will 
prevent  each  subscribe;  from  having  access  in  his  home  to  everybody’s  private  messages 
on  the  time-shared  private  channel  to  which  he  has  switched.  By  locating  hisTtddress 
decoder  and  gating  circuit  outside  of  his  home,  only  those  private 
to  him  will  reach  his  home. 


messages  addressed 
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FROM 

COAXIAL 

CABLE 


TO 

SUBSCRIBER 

TERMINAL 


TERMINAL 


FIGURE  2 

SYSTEM  FOR  CHANNEL  SELECTION  AND  ADDRESS  GATING 


• # 

FIGURE  3 

MITRE  ADDRESS  GATING  SYSTEM 
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VARIATIONS 

There  are  many  possible  variations  on  this  type  of  privacy  system.  For  in- 
stance, an  alternative  would  be  to  eliminate  the  use  of  a local  distribution  center  and, 
instead,  to  locate  the  channel  selector,  address  decoder  and  gating  circuits,  shown  in 
Figure  2,  in  an  external  unit  at  the  input  end  of  the  subscriber’s  dropline,  either  on  a 
utility  pole  or  in  an  underground  conduit,  and  to  provide  for  remote  tuning  of  the 
channel  selector  from  the  subscribe  r>terminal. 

In  still  another yersidn.  a Premium  TV  mode  could  be  added  to  the  system. 
Each  Premium  TV  Held  would  carry  a “pricc-pcr-frame”  code  as  well  asjjJhHrrtTTum 
TV  address  code.  Each  subscriber’s  external  unit,  in  additionJo^hrTsubscriber’s 
unique  address  decoder,  would  contain  a PremiiimJE\^fianncl  address  decoder 
which  would  be  the  same  for  all  Premiujii-T'V' subscribers.  When  the  subscriber  tunes 
into  a Premium  TV ^hanneLjhescTTelds  would  pass  through  the  Premium  TV  gating 
circuit  as  sho\vmjji^tgfire4,  and  the  count  of  the  “price-per-frame"  code  would  be 
regist£ju?d^iTTlhc  Subscriber-Response  Unit,  the  details  of  which  are  shown  in  Figure  5. 
Jup»rt?mium  TV  field  would  then  pass  to  the  home  terminal  unit.  The  price  informa- 
tion would  be  sent  to  a central  processing  unit  for  billing  purposes.  / 

Likewise  a private  mode  field,  bearing  the  subscriber’s  address,  would  be 
passed  to  the  subscriber’s  terminal  unit  and  through  a refresh  unit  if  frame-stopping 
is  required. 

f 

Open  channel  signals  would  be  passed  directly  to  the  home  terminal  unit  from 
the  remote  channel  selector  and  converter. 


A keyboard  would  be  supplied  in  the  home  terminal  unit  for  generation  op 
upstream  signals  through  the  Subscriber-Response  Unit  for  functions  such  as  opinion 
polling,  catalogue  shopping  and  reservation  services.  This  unit  could  also  be  used  l\>r 
meter  reading,  selective  power  control,  maintenance  checking,  burglar  alarms,  fire 
alarms  and  other  sensor  interrogation  services.^ 

COSTS 


\ 


Recent  studies  * have  indicated  a comprehensive  two-way  terminal  of  the  type  ^ 
described  above,  in  production  quantities,  would  cost  anywhere  from  S327  to  S627 
without  privacy  or  Premium  TV  modes.  It  is  estimated  that  the  cost  of  extra  com- 
ponents needed  for  these  modes  and  packaging  and  weatherproofing  of  the  components 
that  would  be  located  in  the  external  unit,  would  add  about  10%  to  these  costs. 


SUMMARY 

In  summary,  it  appears  that  an  attractive  and  relatively  inexpensive  means  of 
providing  both  private  communications  and  Premium  TV  services  to  homes,  and  other 
potential  subscribers,  would  be  to  include  an  external  unit,  located  either  in  a local 
distribution  center  or  mounted  on  a pole  or  in  an  underground  conduit  at  the  input 
to  the  subscriber’s  dropline.  This  external  unit  would  contain  a means  for  remote 
channel-selection  by  the  subscriber,  as  well  as  address-gating  and  subscriber-response 
units. 
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MOMC  TERMINAL  UNIT 


METER  REAOER 
POWER  CONTROL 
MAINTENANCE  UNITS 
BURGLAR  ALARMS 
FIRE  ALARMS 
ETC. 


F1GURE  4 

TERMINAL  WITH  OPEN  CHANNEL  AND  PREMIUM  TV  CHANNEL  MODES 


TO 

2-WAY  4- 
CABLE 


LOW 

PASS 

FILTER 


FROM 
2 WAY 
CABLE 


MOOULATDR 

TRANSMITTER 


PRICE  PER-FRAME  CDDE  - 
KEYBOARD  INPUTS  « 


RECEIVER 

OECOOER 
ANO  SIGNAL, 
GENERATOR 

GATING 

MESSAGE 

DEMODULATOR 

CIRCUITS 

CODER 

L—  FROM*  METER  reader 
POWER  CONTROL 
MAINTENANCE  UNITS 
BURGLAR  ALARMS 
FIRE  ALARMS 
TO:  ^ ETC. 


FIGURE  5 

DETAILS  OF  SUBSCRIBER-RESPONSE  UNIT 
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HIGHLIGHTS 

TECHNICAL  SESSION 

2:00  PM,  TUESDAY,  MAY  16 

CABLE  CHANNEL  ALLOCATION 

Session  Chairman:  Archer  S.  Taylor,  Malarkey,  Taylor  & 

Associates 


Speakers:  Dr.  Robert  S.  Powers,  Office  of  Telecom- 

munications, Dept,  of  Commerce,  Wash.,D.C. 

Nate  Levine,  Sammons  Communications,  Inc., 
Dallas,  Texas 


Reporter : 


I.  Switzer,  Maclean-Hunter  Cable  TV  Ltd., 
Rexdale,  Ontario,  Canada 

Parker  T.  Ellsworth,  Magnavox  Co.,  Ft. 
Wayne,  Ind. 

Harold  Berman,  Waterbury  Community  Antenna 
Inc.,  Waterbury,  Connecticut. 


1.  "Channel  Allocation  Options"  - Dr.  Robert  S.  Powers 


Dr.  Powers  defined  a subset  of  tasks  to  be  addressed  by 
the  Frequency  Allocation  Subcommittee  of  the  Coordinating 
Committee  for  Cable  Communication  Systems  of  the  IEEE — 
ifentifying  the  frequency  allocation  and  assignment  problems, 
describing  the  techniques  for  analyzing  these  problems,  and 
making  specific  recommendations  for  one  or  more  sets  of 
frequency  assignments  within  one  or  more  sets  of  frequency 
allocations. 


The  subcommittee  at  present  will  not  discuss  two-way 
services.  They  are  confining  themselves  to  NTSC  TV  signals, 
the  existing  FM  radio  band  and  VHF  coaxial  cables  where 
technical  problems  of  frequency  allocation  are  most  severe. 
It  would  be  of  great  value  if  critical  standards  for  the 
cable-receiver  interface  could  be  developed  and  implemented. 
Analytical  techniques  described  by  the  subcommittee  should 
be  applicable  to  channels  of  bandwidth  other  than  6 MHz.  At 
present,  there  are  nine  frequency  allocation  plans  under 
study — from  use  of  set-top  converters  to  a dual  cable  appli- 
cation. Dr.  Powers  summed  up  by  stating  a later  full  report 
will  be  made  to  the  parent  committee  in  IEEE. 
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2 . "The  Dilemma  of  Mixed  Systems"  - Nate  Levine 

Mr.  Levine  discussed  the  dilemma  of  mixed  systems  in  which 
the  operator  changes  his  basic  12-channel  system  by  adding 
several  additional  channels  in  the  mid  or  super  band  frequency 
range.  It  must  be  noted  that  this  should  be  attempted  on 
systems  where  second  order  distortion  is  at  a minimum. 

Several  problems  that  can  occur  in  a "mixed  system" — a 
mixture  of  subscribers  with  converters  and  subscribers  without 
converters — were  discussed.  The  first  discussed  was 
oscillator  leakage  from  the  non-converter  subscriber's  TV 
set  into  a particular  feeder  line.  Various  slides  were  used 
to  depict  the  oscillator  frequencies  of  all  VHF  channels 
and  their  relationship  to  the  affected  mid  band  channels  and 
the  oscillator  leakage  of  various  TV  receivers. 

Another  problem  that  faces  the  mixed  system  is  called 
"image."  Image  frequencies  are  greater  with  expanded  systems 
and  it  was  pointed  out  that  the  mid  band  Channels  E,  F,  and 
G are  the  only  serious  potential  offenders  at  the  present. 

3.  "Coherent  Carrier  State  of  the  Art"  - I.  Switzer 

Mr.  Switzer  introduced  his  topic  by  giving  a brief  des- 
cription of  the  history  of  distortion  problems,  beginning 
with  the  five-channel  system  to  the  present;  from  windshield 
wiper  effect  to  third  order . intermodulation.  Mr.  Switzer 
noted  that  cross  modulation  increases  at  a logarithmic  rate 
while  intermodulation  increases  at  a very  high  rate  with  the 
increase  of  channels.  (Note;  During  the  question  period, 

Mr.  Ken  Eaton  stated  that  with  the  tests  made,  it  was  found 
the  cross  modulation  is  the  dominate  factor  up  to  16  channels; 
and  after  that,  intermodulation  becomes  a dominate  problem.) 

The  analysis  of  the  distortion  in  CATV  amplifiers  by 
K.  A.  Simons  leads  to  some  potentially  significant  improve- 
ments in  the  quality  of  television  pictures  transmitted  via 
CATV  systems  subject  to  amplifier  distortion.  If  the  spacing 
between  adjacent  visual  carriers  is  properly  controlled,  a 
reduction  in  the  visibility  of  many  third  order  distortion 
products  is  likely.  Further  improvement  is  likely  to  be  ob- 
tained if  all  visual  carriers  are  harmonics  of  a 6 MHz  master 
oscillator. 
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The  cross-modulation  factor  could  be  reduced  by  the  use 
of  a suppressed  carrier  . A major  approach  would  be  to  unload 
the  amplifiers  by  6 dB  or  more.  Yet  to  be  determined  is  the 
best  place  to  upgrade  the  suppressed  carrier. 

Mr.  Switzer  summed  up  his  paper  by  saying  that,  as  we  expand 
our  frequency  carrying  ability,  it  will  receive  a much  more 
sophisticated  headend  and  definitely  more  knowledgeable 
personnel  in  the  field. 

4.  “Subscriber  Terminal  Interface  Requirements 11  - T.  P. 

Ellsworth 

Mr.  Ellsworth  selected  four  major  topics  for ^review: 

1.  Rejection  Ratios  for  Unwanted  Adjacent  Channel  Carriers 

2.  Local  Oscillator  Interference 

3.  Local  Oscillator  Stability 

4.  Receiver  Noise  Figure  and  Dynamic  Range 

It  has  been  found  that  the  majority  of  problems  that  a cable 
operator  is  faced  with  in  reference  to  a subscriber  is  due  to 
the  factors  noted  above . It  has  been  noted  here  that  the  manu- 
facturers are  taking  into  consideration  the  problems  that  the 
TV  set  owner  faces  with  a fully  loaded  12-channel  system. 

Mr.  Ellsworth  discussed  varying  additions  both  in  adding  traps, 
filters,  and  other  improved  designs. 

He  goes  on  to  state  what  basic  requirements  would  be 
necessary  for  the  manufacturers  to  have  a standard  that  would 
fit  into  the  parameters  to  eliminate  a large  amount  of  problems 
and  no  doubt  fit  into  the  requirements  of  the  technical 
standards  that  are  set,  or  will  be  set,  to  the  cable  operator. 
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CHANNEL  ALLOCATION  OPTIONS 


Robert  S.  Powers 
Office  of  Telecommunications 
U.  S.  Department  of  Commerce 
Washington,  D.C.  20  230 


Abstract 


This  paper  is  based  on  an  interim  report  of  the  Frequency 
Allocation  Subcommittee,  of  the  Coordinating  Committee  for 
pable  Communication  Systems,  Institute  of  Electrical  and  Elec- 
tronic Engineers. 

The  Subcommittee  is  to  produce  a background  report  on  the 
general  problems  of  frequency  allocation  and  assignments  in 
cable.  The  report  should  be  useful  to  government  regulatory 
and  policy  bodies,  system  planners  and  owners,  and  manufactur- 
ers of  cable  equipment,  converters,  and  receivers.  The  present 
paper  describes  the  nature  and  importance  of  the  frequency  plan- 
ning problem,  the  general  goals  of  the  Subcommittee,  the  types 
/of  cable  systems  being  considered,  the  criteria  being  used  to 
/ evaluate  characteristics  of  the  various  frequency  assignment 
schemes,  and  the  general  allocation  plan  being  used  by  the 
Subcommittee  for  purposes  of  discussion.  An  important  side 
problem  being  addressed  by  the  Subcommittee  is  that  of  potential 
interference  between  o\Jer-the-ai r radio  systems  and  cable  systems 
using  the  same  s f requencies. 
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Problem  Definition 


The  Federal  Communications  Commission  now  requires  that  cable 
systems  in  major  markets  provide  at  least  twenty  television 
channels  and  some  two-way  services.  Many  system  operators 
intend  to  provide  even  more  television  channels  than  the  re- 
quired twenty,  in  addition  to  other  possible  non-television 
"downstream"  and  "upstream"  services.  A major  question  facing 
the  "cable  industry  is  how  to  deliver  to  the  subscriber  these 
additional  services,  over  and  above  the  twelve  television 
channels  assigned  by  the  FCC  for  over-the-air  transmission. 

There  are  several  basic  ways  to  deliver  these  additional  services 
by  wire:  \ 

1.  VHF  coaxial  cables:  Coaxial  cables  operating  in  the 

range  from  a few  megahertz  to  300  or  400  MHz  carry  tele- 
vision signals,  non-television'  one-way  services,  and 
"upstream"  services,  possibly’  all  on  the  same  cable.  The 
spectrum  available  on  such  cables  could  be  utilized  ta 
the  maximum  extent  by  delivering-  additional  television 

\ and  other  services  on  frequencies  not  assigned  for  over- 
the-air  television  broadcasting.  Alternatively,  two  or. 

„ more  cables  could  be  used  to  deliver  television  signals 

on  the  "normal"  channels  used  for  television  broadcasting* ; 
non-television  services  could  use  either  additional  cables 
or  non-television  frequencies. 

2. \  UHF  transmission:  Downstream  television  service  in 

addition  to  the  twelve  FCC  channels  is  supplied  on  those 
frequencies  allocated  by  the  FCC  for  UHF  television 
broadcasting.  Non-television  services  use  other  frequencies. 

3.  High  frequency  (HF)  cables:  Paired-wire  or  coaxial 

cables,  capable  of  carrying  ori-Xy  one  or  two  television 
channels  each,  connect  the  subscriber  to  a local  distri- 
bution center.  Programming  is  selected  by  the  subscriber 
by  means  of  a switch  at  the  local  distribution  center. 

' - I \ 

i 

A little  thought  will  convince  ^>ne  that  the  most  critical  point 
in  the  whole  system,  no  matter  which  type  of  cable  is  used,  is 
the  interface  between  any  subscriber-owned  equipment  and  equip- 
ment owned  by  the  cable  operator!.  There  are  indeed  technical 


* Hereinafter  referred  to  as  the]  "FCC  channels." 


i 
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problems  associated  with  frequency  arrangements  within , the..- 
cable  system  itself,  but  these  can  be  solved  independent  of 
the  90  million  existing  TV  receivers  and  the  expected  future 
subscriber' terminals.  Also,  there  is  less  need  for  industry- 
wide standardization  of  those  ".internal"  solutions*  But  at 
the  subscriber  interface  the  cable  operator  must  deliver  a • 
signal  which  can  -be  received  with  good  quality,  and  assure 
that  no  signals  from  the  receiver  interfere  with  the  cable 
system  itself  or  with  the  reception  of  other  subscribers. 

And  this  must  be  ' done  in  such  a way  that  the  ‘ subscriber  can 
move  from  one  cable,  system  to  any  other  in  the  Nation  with- 
out having  to  make  a new  investment  in  terminal  equipment.  _ 

i 

Considering  now  only  the  VHF  cables,  there  are  at  present 
two  basic  ways  to  supply  more  than  twelve  channels  to  existing 
receivers.  Either  multiple  cables  are  used,  with  a switch 
to  choose  which  cable  is  connected  to  the  receiver,-  pr  a 
converter  of  some  kind  is  used  to  translate  cable  signals  to 
one  of  the  FCC  channels. 

.In  the  latter  case,  the  most  serious  constraint  airises  when 
the  cablo  system  is  to  provide  some  subscribers  with  signals  on 
only,  the  FCC  channels  and  is  to  provide  other  subscribers  with 
extra  services  on  additional  channels.  This  situation  can 
arise  either  because  the  extra  services  are  "optional  at  extra 
cost"  or  because  the  system  is  in  transition  between  12-channel 
operation  and  operation  with  20  or  more  channels.  Clearly,  if 
all  subscribers  are  using  converters,  the  system  operator  will 
use  whatever  frequency  plan  is  appropriate  to  the  converters. 

If  no  subscribers  are  using  converters,’  the  frequency  plan  is  v 
automatically  fixed  by  the  TV  receiver.  In  the  "mixed"  case, 
the  need  for  serving  existing  receivers  may  ;be  a severe  limita- 
tion on  .the  usefulness  of  otherwise  acceptable  frequency  plans." 

Presently  used  converters  may  be  block  converters  located  within 
the  cable  system,  but  usually  are  "set-top"  converters  installed 
on  the  subscriber's  premises.  The  cost  of  a set-top  converter 
may  vary  between  $20  and  $50,  no  small  fraction  of  the  total 
cost  of  delivering  service.  This  cost  could  be-  strongly  re- 
duced if  the  capability  for  tuning  extra  channels  were  incor- 
porated into  receivers  especially  designed  for  cable  reception. 
Herein  lies  a compelling  argument  for 'standardization  of 
frequency  usage  on  VHF  cable  systems. 

i 

If  the  frequencies  upon  which  TV  channels  are  delivered  by  cable 
systems  were  to  be  standardized,  the  feasibility  of  marketing 
t-.elevision  receivers  capable  Of  receiving  all  the  cable  channels 
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would  be  enhanced.  The  cable  operator  would  find  it  less 
expensive  to  extend  service  to  new  subscribers  and  to  expand 
the  number  of  channels  in  his  system.  The  subscriber  with 
a "cable  TV"  receiver  who  moved  from  one  community  to  another 
would  be  assured  that  his  receiver  would  interface  completely 
with  the  new  system. 

To  be  most  effective,  a channelling  plan  which  would  provide 
such  extra  channel  capability  should  be  used  universally.  A 
universal  plan  might  be  followed  voluntarily  by  receiver  manu- 
facturers and  cable  operators,  as  in  the  case  of  the  present 
universal  IF  standard,  or  it  might  be  instituted  by  Federal 
action. 

The  National  Cable  Television  Association  ( NCTA ) has  asked  the 
Federal  Communications  Commission  to  adopt  standards  to  promote 
the  marketing  of  television-  receivers  designed  to  interface; 
with  cable  systems.  At  this  time,  the  Commission  has  not  given 
indication  of  its  probable  response. 

To  summarize,  it  would  be  of  great  value  to  the  public,  to  the 
cable  industry,  and  to/manufacturers  of  cable  equipment  and 
home  receivers if  .critical  standards  for  the  cable-receiver 
interface  could" be  developed  and  implemented.  Such  standards 
would  permit  maximum  flexibility  for  choice  by  subscribers  and 
for  innovation  by  cable  operators  and  receiver  manufacturers, 
while  assuring  compatibility  at  the  interface  between  subscriber 
equipment  and  cable  systems. 


Frequency  Allocation  Subcommittee  - Formation  and  Goals 


The  Coordinating  Committee  for  Cable  Communication  Systems  of 
the  Institute  for  Electrical  and  Electronic  Engineers,  chaired 
by  Archer  Taylor,  recognized  that  the  literature  does  not  contain 
a convenient  body  of  technical  information  upon  which  to  base 
any  such  standardization  at  the  interface.  Therefore,  the 
Coordinating  Committee  formed  a Frequency  Allocation  Subcommittee, 
and  gave  it  the  task  of  preparing,  a technical  report  on  the 
various  possible  frequency  plans  which  could^  be  used  on  cable 
systems.  The  output  of  the  Subcommittee's  work  will  not  itself 
be  a standard  for  frequency  allocations  and  assignments*;  that 


* For  purposes  of  this  report,  a "frequency  allocation"  is  con- 
sidered to  be  the  specification  of  which  large  blocks  of  available 
spectrum  will  be  used  for  what  general  purposes,  such  as"NTSC 
television  signals"  or  "upstream  services."  A "frequency  assign- 
ment" is  considered  to  be  the  specification  of  precisely  how  the 
large  blocks  designated  by  the  "allocation"  will  be  divided  into 
individual  channels. 
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task  will  be  left  for  other  bodies.  But  the  report  will  be 
available  to  serve  as  source  material  for  the  construction  of 
such  standards.  The  report  should  be  useful  to  government 
regulatory  and  policy  bodies,  system  planners  and  operators, 
manufacturers  of  cable  equipment,  converters  and  receivers. 

The  author  of  this  paper  chairs  the  Frequency  Allocation  Sub- 
committee at  the  present  time.  The  Subcommittee  consists  of  1 
some  22  members,  whose  professional  affiliations  include  cable 
system  operators,  cable  system  equipment  manufacturers,  tele- 
vision receiver  manufacturers,  converter  manufacturers,  not- 
for-profit  corporations,  and  government. 

This  paper  is  based  on  an  interim  report  of  the  Frequency  Allo- 
cation Subcommittee  to  the  parent  Coordinating  Committee,  and 
as  such  does  not  represent  the  work  of  the  author  alone.  How- 
ever, this  paper  is  not  itself  the  work  of  the  Subcommittee, 
so  its  author  must  take  the  blame  for  any  errors  or  misrepresen- 
tations of  the  Subcommittee's  thinking. 

It  was  recognized  very  quickly  that  the  sum  total  of  all  problems 
of  frequency  usage  in  all  of  the  possible  types  of  cable  systems 
was  enough  to  overwhelm  the  small  Subcommittee.  Thus,  the  Sub- 
committee defined  a subset  of  problems,  which  it  believes  can  be 
sensibly  addressed  at  the  present  time  and  which  the  Subcommittee 
is  competent  to  attack. 

The  tasks  to  be  addressed  at  this  time  are  as  follows: 

1.  Identify  the  frequency  allocation  and  assignment  problen 
involved  in  adding  downstream  channels  to  the  FCC  channels 
and  the.  FM  radio  band  on  VHF  cable  distribution  systems, 
assuming  that  the  cable  system  is  to  ultimately  feed  tele- 
vision receivers  capable  of  receiving  only  the  FCC  channels. 

2.  Describe  techniques  for  analyzing  these  problems  and 
evaluating  the  various  possible  solutions.  The  techniques 
are  to  be  applicable  to  channels  of  6 MHz  bandwidth,  as 
well  as  to  channels  of  wider  and  narrower  bandwidths  which 
will  be  used  for  services  other  than  NTSC  television. 

3.  Make  specific  recommendations  for  one  or  more  sets  of 

frequency  assignments  within  one  or  more  sets  of  frequency 
allocations.  ' 


Note  that. in  its  initial  report,  the  Subcommittee  will  not  discus 
in  detail  any  two— way  services,  although  it  is  well  recognized 
that  two-way  capability  exists  now  on  some  systems  and  will  be 
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widespread  in  the  future.  It  is  assumed  that  two-way  services 
will  either  be  carried  on  cables  other  than. those  carrying 
downstream  television  or  will  occupy  distinct  blocks  of  the 
cable  spectrum,  and  that  there  will  be  no  mutual  interference 
between  upstream  and  downstream  services.  Thus,  downstream 
television  service  can  be  considered  by  itself. 

The  Subcommittee  has  also  limited  its  initial  considerations 
to  delivery  of  standard  NTSC  television  signals  and  the  existing 
FM  radio  band.  Thus,  with  the  exception  of  the  FM  band,  channels 
of  width  greater  or  less  than  6 MHz  are  not  being  explicitly 
addressed.  The  rationale  for  this  restriction  is  two-fold: 

(1)  It  is  assumed  that  most  of  the  downstream  cable  spectrum  will 
be  used  for  NTSC  television  signals;  and  (2)  useful  channels  of 
bandwidth  other  than  6 MHz  can  often  be  'niade  up  of  exact  multiples 
or  sub-multiples  of  6 MHz.  In  any  case,  analytical  techniques 
described  by  the  Subcommittee  should  be  applicable  to  channels 
of  bandwidth  other  than  6 MHz. 


Finally,  the  Subcommittee  is  concentrating  most  of  its  initial 
efforts  on  the  problems  of  VHF  coaxial  cable  systems,  rather  than 
on  UHF  and  HF  systems.  The  remainder  of  this  paper  is  entirely 
directed  to  VHF  systems.  This  emphasis  is  not  meant  to  reflect 
in  any  way  on  the  advantages  or  disadvantages  of  the  HF  and  UHF 
systems.  The  VHF  systems  were  chosen  for  the  initial  effort 
because:  (1)  most  existing  CATV  systems  in  this  country  are  VHF 

systems,  and  (2)  the  technical  problems  of  frequency  utilization 
( as. contrast ed  with  transmission  and  other  technical  problems) 
seemed  most  severe  in  the  case  of  the  VHF  systems*. 


Factors  Affecting  Cable  Frequency  Allocations 


The  first  consideration  in  selecting  a frequency  plan  is  the 
number  of  channels  which  can  be  delivered  with  high  quality. 

The  delivery  capability  of  a system  which,  in  other  respects 

has  adequate  bandwidth,  generally  is  limited  by  signal  degradation 


* A paper  summarizing  the  considerations  vis-a-vis  thrg"  use  of  UHF 
for  the  final  distribution  of  subscriber  services^i's  being  drafted 
for  the  Subcommittee  by  one  of  its  members,  byt^will  not  be  dis- 
cussed'Kere.  That  draft  may  represent  tl^starting  point  for  another 
phase  of  Subcommittee  activity. 
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caused  by  the  following: 

(1)  Impairments  due  to  distortion  products  generated  within 

the  cable  network.  (Example:  Intermodulation  products.) 

(2)  Interference  to  a subscriber's  reception  due  to  signals 

picked  up  by  the  system.  (Example:  Midband  land  mobile 

signals  picked  up  by  the  cable  equipment.) 

(3)  Interference  to  a subscriber's  reception  due  to  signals 

injected  into  the  system  by  other  subscribers'  receivers. 
(Example:  Receiver  local  oscillator  signals.) 

(4)  Interference  to  a subscriber's  reception  by  external 
signals  picked  up  by  the  subscribers'  own  receiver.  (Example: 

^Strong  ambient  fields  from  local  co-channel  television 
stations.) 


The  Subcommittee  is  examining  bo th— fch e~ theor e t i c a 1 maximum^  number 
of  channels  available  with  each  frequency  plan  and  the  degree 
of  interference  likely  to  occur  in  each  system.  The  severity 
of  impairment  is  largely  a matter  of  equipment  design,  operat- 
ing adjustments,  and  proximity  to  local  high  powered  interfering 
transmitters.  The  number  of  opportunities  for  picture  impair- 
ment can  be  minimized  by  choice  of  the  proper  channel  assignment 
pltan.  ' 

A second  major  consideration  in  some  cases  is  the  performance 
of  the  system  in  the  "mixed"  operating  mode  mentioned  above: 
in  the  mixed  mode  some  subscribers  have  converters,  and  other 
subscribers  connect  receivers  directly  to  the  cable  system. 

The  Subcommittee  is  using  two  primary  indicators  for  evalua- 
ting frequency  plans  under  this  consideration:  (1)  The 

number  of  channels  a subscriber  can  receive  without  a converter,  and 
(2)  implications  of  the  frequency  plan  for  the  design  of  a spec- 
ial-receiver for  both  cable  and  over-the-air  reception.  The  possi- 
bilities of  varactor  tuning,  automatic  channel  identification, 
and  other  advances  should  be  considered  in  the  conceptual  design 
of  such  receivers. 

The  performance  of  present-day  (unshielded)  receivers  operating 
in  strong  signal  areas  must  also  be  considered,  at  least  for  the 
next  5 to  10  years.  The  number  of  channels  which  would  be  un- 
usable because  of  local  pick-up  is  being  used  to  evaluate  this 
aspect  of  proposed  frequency  plans. 

The  final  major  technical  consideration  being  examined  by  the 
Subcommittee  is  the  tuning  of  the  receiver  or  the  receiver-con- 
verter combination  to  the  desired  channel*.  The  type  of  converter 
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and  the  number  and  type  of  controls  which  must  be  used  to  tune 
channels  is  noted.  The  overall  ease  of  tuning  is  the  important  • 
factor  to  the  subscriber.  At  the  present  time,  the  Subcommitte 
can  only  make  subjective  judgments  of  this  important  factor. 

Some  type  of  consumer  testing  may  be  needed  to  fully  evaluate 
the  ease  of  tuning,  although  it  is  clear  that  a special  cable 
receiver  could  have  simpler  tuning  controls  than  any  receiver- 
converter  combination. 

Of  course,  the  total  system  cost,  which  will  eventually  rest 
on  the  subscriber  in  any  case,  is  a vital  factor.  These  costs 
include  costs  of  first  implementation,  costs  inherent  in  future 
expansion  requirement's,  maintenance  costs  for  equipment  and 
plant,  and  possibly  the  cost  to  the  public  of  new  subscriber- 
owned  receivers.  The  Subcommittee  will  draw  general  cost  impli- 
cations, but  may  not  be  able  to  make  detailed  determinations. 


In  planning  for  future  usage  of  cable  networks,  certain  assump- 
tions must  be  made  regarding  the  circumstances  under  which  they 
must  operate.  Assumptions  which  are  believed  applicabla_t.au 
nearly  all  situations  are  set  forth  below*: 

(1)  The  primary  function  of  the  cable  system  is  to  deliver 
off-air  and  locally  originated  television  programs  to 
subscribers  located  downstream  from  some  common  collection 
or  control  point  (such  as  a head  end. ) 

(2)  Frequency  space  and  amplitude  range  within  the  system 
is  available  for  other  services  of  unspecified  type,  which 
may  or  may  not  flow  upstream  from  subscribers,  but  which 
must  afford  protection  to  downstream  TV. 

(3)  The  number  of  channels  which/ the  cable  must  carry 
simultaneously  must  be  20  or  mor/. 


(4)  Subscribers  should  at  al]  les  receive  pictures  with 
minimum  distortion  and  interference  and,  in  no  case,  of 
poorer  than  "passable"  quality  (by  TASO  definition). 


* In  certain  circumstances,  some/ of  the  basic  assumptions  may  be 
erroneous.  \ For  example,  it  is  \}et  too  early  to  expect  that  all 
subscriber  receivers  are  capable  of  satisfactory  operation  in 
very  strong  ambient  co-channel  fields.  Such  variances  must  be 
recognized  and  allowed  for  in  planning  individual  cable  systems, 
at  least  for  the  next  5 to  10  years. 


Assumptions 
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(5)  The  ultimate  destination  of  the  television  signals 
will  be  the  subscriber-owned  television  receiver  which 
is  presumed  to  have  a capability  as  follows: 

(a)  Only  channels  in  the  VHP  range  will  be  used 
for  receiving  signals  from  the  cable  system. 

(b)  All  sets  will  accommodate  simultaneous  use  of 
adjacent  channels  on  the  cable. 

(c)  All  sets  will  operate  satisfactorily  in  an  ambient 
co-channel  field  of  up  to  500  mV/m. 

(d)  All  color  sets  have  phase  characteristics  suitable 
for  high  quality  color  television. 

(e)  All  sets  use  the  standard  45.75  MHz  IF. 

(6)  Where  converters  are  used,  those  converters  are  assumed 
to  have  characteristics  which  obviate  co-channel  (local  pick- 
up), adjacent  channel  and  image  channel  problems,  and  do 

not  transmit  interfering  signals  back  into  the  cable*. 


Alternate  Frequency  Plans 


The  major  technical  problems  of  frequency  planning  are  associated 
with  the  detailed  channel  assignments  rather  than  with  the  general 
nature  of  the  broad  allocation  plan.  Thus,  the  Subcommittee 
has  simply  adopted  for  its  own  reference  a single  one  of  the  many 
possible  allocation  plans.  This  plan  is  represented  by  Table  1. 
Changes  in  this  allocation  plan  could,  of  course,  require  adjust- 
ments in  the  detailed  channel  assignments.  But  the  evaluation 
criteria  and  technical  problems  being  identified  by  the  Subcommittee 
would  remain  valid. 


* For  example,  a double  conversion  scheme  with  a first  IF  higher 
than  300  MHz  is  one  possible  way  to  meet  this  assumption. 
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Each  of  the  basic  channel  assignment  plans  considered  in  some 
detail  by  the  Subcommittee  is  described  briefly  below.  There 
are  large  numbers  of  possible  variations,  of  course,  but  the 
plans  below  illustrate  the  basic  approaches  that  have  come 
to  the  attention  of  the  Subcommittee. 


Plan  A. 

Consists  of  the  12  FCC  channels,  to  which  9 midband  channels  have 
been  added.  These  continuously  fill  the  frequency  band  between 
120  and  174  MHz,  and  are  transmitted  in  upright  fashion  (sound 

carrier  above  the  video  carrier. ) 

. ...  • / 

Total  TV  channels:  21 

Maximuiri'  number  available  without  converter:  12 

Channels  lost  due  to  local  pick-up,  using  converter:  none 

Channels  lost  due  to  local  pick-up,  not  using  converter: 

N ( low ) + N ( hi ) * 

Method  of  tuning:  Tune  converter 

Considered  attractive  for  existing  systems,  since  existing  active 
and  passive  hardware  will  cover  the  midband  range.  Addition 
of  the  midband  channels  to  the  system  causes  substantial  build- 
up of  second  and  third  order  distortipn  products  on  all  channels, 
and  invites  interference  on  channels  7-13  from  local  oscillator 
signals  injected  into  the  system  from  receivers  not  isolated  by 
a converter. 


Plan  A-l. 


12  FCC  channels  to  which  9 midband  and  9 superband  channels  have 
been  added.  These,  plus  the  FCC  channels  7 - 13,  continuously 
fill  the  frequency  band  between  120  and  270  MHz,  and  are  trans- 
mitted in  upright  fashion. 

Total  TV  channels:  30 

Maximum  number  available  without  converter:  12 

Channels  lost  due  to  local  pick-up,  using  converter:  none 

Channels  lost  due  to  .local  pick-up,  not  using  converter: 

N ( low)  + N (hi ) 

Method  of  tuning:  Tune  converter 


* N(low)  Ts  the  number  of  strong  local  signals  in  the  low  VHF 
band.  N(hi)  is  the  number  in  the  high  band. 


/ 
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A frequently  recommended  next  step  after  filling  the  midband 
channels.  Extending  the  frequency  range  of  amplifiers  and 
passive  devices  in  the\  cable  network  substantially  above 
216  MHz  may  prove  difficult.  Attenuation  increases,  securing 
the  additional  gain  needed  at  wider  bandwidths  may  be  diffi- 
cult, and  the  number  of  second  and  third  order  distortion 
products  caused  by  the  additional  loading  increases  substantially 


Plan  A-2. 

12  FCC  channels  to  which  8 midband  and  8 superband  channels 
have  been  added.  These  are  arranged  to  reduce  the  incidence  of 
beats  from  receiver  local  oscillators  and  to  reduce  image  inter- 
ference possibilities.  Transmitted  upright. 

Total  TV  channels:  28 

Maximum  number  available  without  converter:  12' 

Channels  lost  due  to  local  pick-up,  using  converter:  none 
Channels  lost  due  to  local  pick-up,  not  using  converter: 

N ( low)  + N (hi ) 1 

Method  of  tuning:-’  Tune  converter 

A variation  of  Plan  A-l  in  which  some  of  the  midband  and  super- 
band channels  have  been  staggered  to  reduce  the  effects  of  in- 
terfering distortion  components  and  local  oscillator  signals. 
Although  certain  of  the  more  destructive  distortion  components 
are  moved  to  frequencies  where  their  effects  will  be  less  dis- 
cernible, the  number  of  possible  distortion  products  seems  to 
increase. 


Plan  A-3. 

20  Channels  arranged  in  the  octave  120  - 240  MHz.  Transmitted 
upright. 

Total  TV  channels:  , 20 

Maximum  number  available  without  converter:  . 7 

Channels  lost  due  to  local  pick-up,  using  converter:  none 

Channels  lost  due  to  local  pick-up,  not  using  converter: 

N ( hi ) 

Method  of  tuning:  Tune  converter 

Because  of  using  a single  octave,  second  order  products  fall 
below  the  lowest  channel  and  above  the  highest,  easing  system 
design. 
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Plan  B. 

12  FCC  channels  to  which  7 midband  and  7 superband  channels  have 
been  added.  The  latter  two  groups  are  transmitted  in  inverted 
fashion,  permitting  block  conversion  with  the  converter  local- 
oscillate  frequency  above  the  group  of  converted  channels. 


Total  TV  channels:  26 

Maximum  number  available  without  converter:  12 

Channels  lost  due  to  local  pick-up,  using  converter: 

N ( low)  + 3 N(hi ) 

Channels  lost  due  to  local  pick-up,  not  using  converter: 

N ( low ) + N ( hi ) 

Method  of  tuning:  Converter  switch  plus  tuning  of  receiver 

By  proper  selection  of  the  local  oscillator  frequencies  in  the 
block  converter,  the  midband  and  superband  ch'annels  can  be  posi- 
tioned so  that  local  oscillator  signals  injected  into  the  system 
by  subscriber-owned  receivers  will  fall  at  channel  edges,  sub- 
stantially reducing  their  effect  on  the  picture. 

\ 


Plan  C. 

24  channels  spaced  with  visual  carriers  9.5  MHz  apart,  starting 
at  52.25  MHz.  Transmitted  upright. 

Total  TV  channels:  24 

Maximum  number  available  without  converter:  none 

Channels  lost  due  to  local  pick-up,  using  converter:  none 

Channels . lost  due  to  local  pick-up,  not  using  converter:  n.a. 

Method  of  tuning:  Tune  converter 


Second  order  components  are  made  to  fall  in  the  guardband  between 
channels.  However,  third  order  products  fall  on  or  close  to 
visual  carrier  frequencies  where  interference  is  most  critical. 


Plan  D. 

30  channels,  with  all  video  carriers  being  placed  at  integral 
multiples  of  6 MHz  and  phase-stabilized  with  reference  to  a 
'common  frequency  source.  Transmitted  upright. 

Total  TV  channels:  30 

Maximum  number  available  without  converter:  none 

Channels'  -JLost  due  to  local  pick-up,  using  converter:  none 

Channels  lost  due  to  local  pick-up,  not  using  converter:  n.a. 

Method  of  tuning:  Tune  converter 
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All  second  and  third  order  distortion  products  of  the  carriers 
fall  precisely  on  the  frequencies  of  other  carriers,  where  they 
manifest  themselves  as  fixed-phase  contributions  to  the  carrier 
of  the  desired  signal.  Unless  the  synchronizing  rate  of  all 

systems  is  also  phase-stable,  much  of  the  benefit 
promised  by  this  plan  may  not  be  achieved. 


Plan  E. 

34  contiguous  channels,  between  66  MHz  and  270  MHz.  Transmitted 
inverted.  Presumes  use  of  a single  oscillator  in  the  converter 
with  converter  output  at  FCC  channel  2 or  3.  ' 

Total  TV  channels:  34 

Maximum  number  available  without  converter:  none 

Channels  lost  due  to  local  pick-up,  using  converter:  none 
Channels  lost  due  to  local  pick-up,  not  using  converter:  n.a 
Method  of  tuning:  Tune  converter 

Since  only  a single  conversion  is  required,  converter  design  is 
simplified,  and  cost  may  be  reduced.  Converter  oscillator  fre- 
quencies fall  on  channel  edges,  minimizing  stability  problems 
and  reducing,  interference  possibilities.  Second  order  difference 
products  also  fall  on  channel  edges,  but  sum  products  produce 
a 1.25  MHz  beat  with- the  visual  carrier.  Third  order  products 
fall  directly  on  visual  carrier  frequencies.  Visual  carriers 
from  image  channels  may  produce  3.5  MHz  beats.  Since  the  lowest 
downstream  channel  starts  at  66  MHz,  the  design  of  filters  for 
separating  the  lower  frequency  upstream  signals  is  eased,  per- 
mitting either  the  use  of  lower— cost  filters  or  a greater  utili- 
zation of  the  upstream  spectrum. ; 


Plan  F. 


Two  separate  VHF  cables,  each  carrying  12  FCC  channels.  Trans- 
mitted upright.  An  A/B  switch  at  the  receiver  is  used  to  select 
the  cable  to  be  connected  to  the  receiver. 

Total  TV  channels:  24 

Maximum  available  without  converter:  n.a. 

Channels  lost  due  to  local  pick-up,  using  converter:  n.a. 

Channels  lost  due  to  local  pick-up,  not  using  converter: 

2N  ( low ) + 2N(hi ) 

Method  of  tuning:  A/B  switch  plus  receiver  tuning 
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All  second  order  products  fall  outside  of  any  downstream  channel. 
The  number  of  cross-modulation  products  is  reduced  by  an  order 
of  magnitude  compared  to  carrying  the  same  total  number  of 
channels  on  a single  cable. 


The  Potential  for  Cable/Over-the-Ai r Interference 


It  has  been  suggested  that  under  certain  conditions  of  faulty 
operation  there  could  be  interference  to  over-the-air  services 
caused,  by  signals  "leaking"  from  cable  systems.  Such  inter- 
ference would  not  occur  under  normal  conditions;  there  would 
have  to  be  some  break  in  the  cable  system  and/or  some  radiating 
element  improperly  connected  to  the  table  in  order  for  any 
significant  power  to  be  radiated.  Prohibiting  the  use  within 
cables  of  frequencies  assigned  to  services  in  the  over-the-air 
spectrum  could  be  a very  costly  burden  for  the  cable  industry 
to  bear.  It  would  not  then  be  possible  to  utilize  fully  the 
capability  of  the  VHF  coaxial  cables,  which  are  expected  to  be 
widely  used  in  the  industry. 

The  Subcommittee  felt  that  no  responsible  study  of  full  utiliza- 
tion of  VHF  cables  could  ignore  the  possibility  of  such  inter- 
ference, even  though  some  first  estimates  make  the  chance  of 
harmful  interference  seem  remote.  Therefore,  the  Subcommittee 
requested  and  is  receiving  the  assistance  of  appropriate  Federal 
agencies  in  defining  and  investigating  this  potential. 

The  Federal  Aviation  Administration,  Department  of  Transportation, 
has  thoughtfully  outlined  the  conditions  under  which  it  questions 
whether  interference  could  occur.  The  Office  of  Telecommunications, 
Department  of  Commerce,  has  assumed  the  lead  role  in  a technical 
study  of  whether  any  such  interference  is  likely  or  even  possi- 
ble. This  study  will  include  theoretical  analysis,  laboratory 
investigations,  and  possibly  field  trials.  The  Office  of  Tele- 
communications Policy,  Executive  Office  of  the  President,  is 
also  participating  in  the  study,  because  of  its  responsibility 
for  frequency  management  for  Federal  government  radio  users. 

The  OTP  is  actively  encouraging  the  investigation,  participa- 
ting in  planning  and  discussions,  and  has  assured  the  Subcommittee 
of  its  deep  interest  in  reaching  a sound  conclusion  as  to  whether 
interference  could  possibly  occur,  and  iff,  so  how  it  might  be 
prevented. 
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Table  I 


Subcommi ttee 

Working.  Allocation  Plan 

for  VHF  Cables 

Frequency  band 
(MHz) 

Allocation 

Possible  Uses 

Below  54 

' \ 

EXPERIMENTAL 

/ • 

Television 

Subscriber  response  signals 

Telemetry  

Facsimile 

Control  of  monitoring  signal 

54  - 72 

TELEVISION 

Cable  television,  classes 
I'  and  II 

72-76 

EXPERIMENTAL 

Pilot  signals 
Control  signals 

76  - 88 

TELEVISION 

f 

Cable  television,  classes 
I,  and  II 

88  - 108  7 

\ / 

AURAL  BROADCA$T 

1 / 

{ 

FM  Broadcast  signals 
AM  Broadcast  signals,  re-  . 

modulated  to  FM 
Local  origination,  FM 

108  - 120 

EXPERIMENTAL 

! 

Subscriber  interrogation  . 
signals 

Control  signals 
Pilot  signals 

120  - 174 

TELEVISION 

1 

1 

Cable  television,  classes 
I and  II 

174  - 216 

TELEVISION  j 

Cable  television,  classes 
I and  II  ^ 

216  - 270 

TELEVISION  - 

Cable  television,  classes 
I and  IP 

270  - 300 

EXPERIMENTAL 

Cable  television,  classes 
I,  II  and  III 
Facsimile 

300  - 400 

EXPERIMENTAL 

Cable  television,  class  IV 

Telemetry 

Subscriber  response  signals 
Monitoring  signals 


Above  400  Not  Allocated 


253 


THE  DILEMMA  OF  MIXED  SYSTEMS 
hlate  Levine 

Vice  President,  Engineering 
Sammons  Communications,  Inc. 


Most  of  us  who  operat^cabJe_sy-Stems  and  are  providing  twelve  channels 
of  service  to  our  customers  at  a fixed  fee  have  probably  considered,  at  one 
time  or  another,  the  possibility  of  adding  several  additional  channels  in  the 
mid  or  super  band  frequency  range,  providing  converters  to  customers  who 
desire  these  channels  and  charging  an  additional  $2-$3  per  month  for  this 
service.  At  the  onset,  this  does  not  look  like  a difficult  task  since  most  cable 
.systems  today  already  have  the  necessary  band  width  to  carry  mid  band  fre- 
quencies and  most  new  systems  being  installed  today  have  extended  bands  with  - 
widths  of  260  or  even  300  MHz. 

At  this  point  in  time,  it  should  be  apparent  to  most  of  us  that  this  should  • 
only  be  attempted  on  systems  where  second  order  distortion  is  at  a minimum, 

such  as  a push-pull  system.  For  the  purpose  of  this  presentation,  we  will  assume 

that  second  order  problems  are  non-existent  and  explore  the  other  problems  that 
arise  when  mid  band  and  super  band  channels  are  added. 

If  only  a portion  of  the  total  system  subscribers  request  the  extra  services, 
we  become  faced  with  the  problems  of  a "mixed  system" . It  is  categorized  as 
mixed  because  it  is  a mixture  of  subscribers  with  converters  and  subscribers 
without  converters.  Under  these  conditions,  several  problems  can  occur.  The 
first  to  be  discussed  is  oscillator  leakage  from  the  non-converter  subscriber's 
TV  set  into  a particular  feeder  line. 

Table  I depicts  the  conventional  mid  band  and  super  band  video  carrier 
frequencies.  


TABLE  I 


CHANNEL 

VIDEO 

CHANNEL 

VIDEO 

MID  BAND 

CARRIER 

SUPER  BAND 

CARRIER 

A 

121.25 

217.25 

B 

127.25 

_ k\. 

223.25 

C 

,,-133.25 

L 

229.25 

D 

139.25 

235.25 

E 

145.25 

N 

241.25 

F 

151.25 

O 

247.25 

G 

157.25  * 

P 

253.25 

* 

H 

163.25 

!fyjr 

s' 

o 

1 

169.25 

i-  _ . , — •; 

i 

ERiC 

260 
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Table  II  depicts  the  television  receiver  oscillator  frequencies  of  all  VHF 
channels  and  their  relationship  to  the  affected  mid  band  channels. 

TABLE  II 


VHF 

rIANNEL 

OSCILLATOR 
FREQUENCY  (MHz) 

MID  BAND 
CHANNEL  CARRIERS 

INTERFERING 

BEAT 

2 

101 

3 

107 

4 

113 

5 

123 

MID  BAND  A " 

121.25 

1 .75  MHz 

6 

129 

• * 

B = 

127.25 

1.75  MHz 

7 

221 

J = 

217.25 

3.75  MHz 

8 

227 . 

K = 

223.25 

3.75  MHz 

9 

233- 

SUPER 

L = 

229.25 

3.75  MHz 

10  ‘ 

239 

JU 1 l»l\ 

BAND 

M = 

235.25 

3.75  MHz 

11 

245 

N = 

241.25 

3.75  MHz 

12 

2$r 

0 = 

247.25 

3.75  MHz 

13 

257 

P = 

253.25 

3.75  MHz 

As  can  be  seen  from  this  table,  televisidrf~sehs  tuned  to  Channels  5 or  6 
have  oscillator  frequencies  that  are  in  the  mid  band  spectrum.  It  can  also  be 
noted  from  Table  II  that  all  the  high  band  channels  have  oscillator  frequencies 
falling  in  the  band  commonly  referred  to  as  super  band,  frequencies  216-260. 
These  frequencies  appear  at  the  antenna  terminal  points  of  a TV  receiver  and 
travel  back  into  the  feeder  line. 

Table  III  shows  the  amount  of  oscillator  signal  available  at  the  antenna 
terminal  of  various  TV  receivers  tested. 


TABLE 


.1 


OSCILLATOR  LEAKAGE  OF  VARIOUS  TELEVISION  RECEIVERS 


\ 


ANNEL 

RECEIVER 

A' 

RECEIVER 

B 

RECEIVER 

C 

RECEIVER 

D 

RECEIVER 

E 

RECEIVER 

F 

"4 

-22.0 

-12.0 

-15.0 

-12 

-13.0 

-24.0 

5 

-14.0 

+ 2.0 

-13.0 

-11 

- 8.0 

-30.0 

6 

-11.0 

+ 4.0 

-13.0 

- 9.5 

- 7.5 

-30.0 

7 

->0 

+19.0 

- 4.0 

+ 6 

- 3.0 

-18.0 

8 •• 

+ 1.0 

+21 

- 4.0 

+ 5.5 

- 1.5 

-14.0 

9. 

+ 1.0 

+21 

- 2.0 

+ 8.0 

- 2.0 

r 10.  0 

10 

0.0 

+24.5 

- 3.0 

+ 9.0 

- 4.0 

-20.0 

11 

- 3.0 

+20.0 

- 4.0 

+10.0 

- 8.0 

-20.0 

12 

- 7.0 

+11.0 

0.0 

+ 8.0 

- 3.0 

-11.0 

13 

- 5*0 

+10.0 

- 1.0 

+ 6.0 

--  4.0 

-12.0 

O 

ERiC 
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Figure  1 is  a diagram  of  two  subscribers  receiving  signal  through  a 
directional  multi  tap. 


FIGURE  1 


IDl^CCTtO/VAL. 

Muxti-Ta/* 


Viewer  I does  not  have  a converter  and  is  tuned  to  Channel  5 using  TV 
Receiver  Set  C which  has  an  oscillator  leakage  of  -13  dbmv.  Viewer  2 is 
tuned  to  Channel  A.  Both  lines  are  delivering  +6  dbmv  of  desired  signal . 

Viewer  1 originates  on  123  MHz  carrier  at  -13  dbmv.  The  oscillator 
signal  travels  up  the  drop  line  losing  approximately  4 db.  It  travels  through 
the  directivity  of  the  coupler,  approximately  20  db,  and  down  converter's 
B drop  line,  losing  an  additional  4 db.  Total  loss  of  undesired  signal: 

4 + 20  + 4 = 28.  Oscillator  leakage  signal  appearing  at  Viewer  2 is,  there- 
fore, -41  dbmv  (-13  dbmv  from  Viewer  1 oscillator  + 28  db  of  loss).  Ratio 
between  desired  +6  dbmv  and  undesired  -41  dbmv  = 47  db. 

Video  carrier  Channel  A at  Viewer  2.  beating  with  undesired  signal 
at  123  MHz,  produces*a  1 .75  MHz  beat,  47  db  below  the  desired  signal. 

This  type  of  beat,  because  of  its  proximity  to  the  desired  video  carrier,  must 
be  at  least  60  db  down  for  it  not  to  be  objectionable. 

Referring  back  to  Table  III,  you  will  note  that  TV  Receiver  Set  C 
having  an  oscillator  leakage  of -13  dbmv  was  chosen.  You  will  note  that 
other  TV  receivers  have  oscillator  signals  as  high  as  +2  dbmv.  This  much 
leakage  would  produce  a beat  only  32  db  down. 

© 

ERIC 
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Another  problem  that  faces  us  when  we  carry  more  than  twelve  channels 
on  a cable  system  is  one  called  "image".  The  image  frequency  of  a receiver- 
is  defined  as  the  desired  signal  t two  times  the  receive  IF.  This  is  best  shown 
by  Figure  2. 

FIGURE  2 


XrtACre. 


If 


Here  we  see  desired  Channel  2 at  55.25  MHz  beating  with  the  local 
oscillator  signal  at  101  MHz  to  produce  IF  at  45.75.  Also  observe  that  a 
signal  at  146.75  can  beat  with  the  local  oscillator  to  produce  the  desired 
IF  signal.  The  146.75  MHz  frequency  is  referred  to  as  Channel  2's  image. 
Its  presence  into  the  receiver's  IF  is  limited  by  the  tuner's  image  rejection 
capability.  Image  rejection  typically  runs  as  follows: 

A.  3 circuit  tuners:  used  in  low  cost  TV  sets 

low  band  50  db 
high  band  35  db 

B.  4 circuit  tuners:  used  in  better  black  and  white  sets  and  color 

sets 

all  VHF  channels  60  db 

Let  us  now  explore  the  possible  image  problems.  Table  IV  depicts- 
all  the  VHF  carriers'  image  frequencies  and  interference  possibilities. 


TABLE  IV 


VIDEO 

IMAGE 

CHANNEL 

CARRIER  (MHz) 

FREQUENCY 

BEAT 

CAUSE 

2 

55.25 

146.75 

1.5  MHz 

E Video 

3 

61.25 

'152.75 

1.5  MHz 

F Video 

4 

67.25 

158.75 

1 .5  MHz 

G Videc 

5 

77.25 

168.75 

-.5  MHz 

1 Video 

6 • 

83.25 

174.75 

-.5  MHz 

7 Video 

7 

175.25 

266.75 

8 

181.25 

272.75. 

9 

187.25 

278.75 

'10 

193.25 

284.75 

11 

199.25 

290.75 

12 

205.25 

296.75 

13 

211.25 

302.75 

It  should  be  noted 

that  mid  band  Channels  E,  F and 

G are  the  on 

ly  serious 

potential  offenders  since  Channel  7 and  I Video  carriers  produce  a negative 
beat  in  relationship  to  the  desired  carrier.  A negative  beat  is  less  objectionable 
because  of  the  added  attenuation  offered  by  its  position  on  the  IF  slope  in  a 
TV  receiver.  High  band  channel  images  fall  266  to  305  MHz  and  are  not  a 
problem  until  that  portion  of  the  band  is  used. 

Let  us  now  summarize  our  potential  problems:  (1)  In  the  mid  band, 
we  are  faced  with  oscillator  leakage  problems  from  Channels  5 and  6 into 
Channels  A and  B and  image  problems  into  Channels  2,  3 and  4 caused  by  E,  F 
and  G Video;  (2)  In  the  sjper  band,  oscillator  leakage  from  Channels  7 through 
13  affects  Channels  J through  P,  but  image  problems  are  non-existent. 

What  are  the  possible  solutions  to  these  problems  when  we  try  to  operate 
a mixed  system?  The  simplest  solution  would  be  to  carry  only  Channels  C,  D, 

H and  I in  the  mid  band  since  these  are  the  only  channels  that  are  not  affected 
by  local  oscillator  and  frna'ge  problems.  Another  suggestion  that  would  permit 
us  to  carry  mid  band  Channels  A and  B would  be  to  delete  Channels  5 and  6 or 
carry  material  on  Channels  5 and  6 that  is  not  significantly  viewed  such  as  the 
weather  scan.  Still  another  possible  solution  is  to  supply  mid  band  band-stop 
filters  and  super  band  band-stop  filters  to  non-converter  subscribers.  The  mid 
band  filters  would  eliminate  the  local  oscillator  feedback  into  the  system,  and 
the  super  band  band-stop  filters  would  not  allow  the  images  of  the  VHF  channels 
into  the  subscribers1  TV  sets.  The  problems  of  this  solution  should  be  apparent. 
Perhaps  the  best  solution  is  to  carry  a limited  number  of  out-of-band  channels 
and  carefully  select  the  frequencies  so  that  the  offending  beats  fall  In  a less 
objectionable  portion  of  the  IF  curve. 

To  date,  we  can  only  speculate  on  the  magnitude  of  the  problems  dis- 
cussed since  there  are  not  enough  ,,mixed,,  cable  systems  in  operation  for  us  to 
gather  sufficient  data.  It  is  quite  possible  that  image  rejection  of  most  TV  sets 


will  be  sufficient.  Perhaps  as  more  extended  band  systems  are  built  and 
additional  channels  are  added/  the  proper  solution  will  become  self-evident. 

i 


; 


Jeffers,  Mike,  "Best  Frequency  Assignments  for  Mid  Band  and  Super 
Band  Channels",  19th  Convention  Transcript,  Page  66-78. 
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TABLE  I 


CHANNEL 

VIDEO 

CHANNEL 

MID  BAND 

CARRIER 

SUPER  BAND 

A 

121.25 

J 

127.25  . 

K 

C 

133.25 

L 

D 

139.25 

M 

E 

145.25 

N 

F 

151.25 

O 

G 

157.25 

P 

H 

163.25 

1 

169.25 

VIDEO 

CARRIER 

217.25 

223.25 

229.25 

235.25 

241.25 

247.25 

253.25 


/ 


/ 
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TABLE  II 


VHF 

CHANNEL 

OSCILLATOR 
FREQUENCY  (MHz) 

MID  BAND 
CHANNEL  CARRIERS 

INTERFERING 

BEAT 

2 

101 

3 

107 

4 

113 

5 

123 

A = 

121.25 

1.75  MHz 

6 

129 

B = 

127.25 

1.75  MHz  - 

7 

221 

J = 

217.25 

3.75  MHz 

8 

227 

K = 

223.25 

3.75  MHz 

9 

233 

L = 

229.25 

3.75  MHz 

10 

. 239 

M =— 

-235.25 

3.75  MHz 

11 

245 

N = 

241..  25 

3.75  MHz 

12 

251 

O = 

247.25 

3.75  MHz 

13 

257 

P = 

253.25 

3.75  MHz 

/ 

/ 


/ 


7 


1 
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TABLE  III 

OSCILLATOR  LEAKAGE  OFVARIOUS  TELEVISION  RECEIVERS 


CHANNEL 

RECEIVER 

A 

RECEIVER 

B 

RECEIVER 

C 

RECEIVER 

D 

RECEIVER 

E 

RECEIVER 

F 

4 

-22.0 

-12.0 

-15.0 

-12 

-13.0 

-24.0 

5 

-14.0 

+ 2.0 

-13.0 

-11 

- 8.0 

-30.0 

6 

-11.0 

+ 4.0 

-13.0 

- 9.5 

- 7.5 

-30.0 

7 

- 3.0 

+19.0 

- 4.0 

+ 6 

- 3.0 

-18.0 

8 

+ 1.0 

+21 

- 4.0 

+ 5.5 

- 1.5 

-14.0 

9 

+ 1.0 

+21 

- 2.0 

+ 8.0 

- 2.0 

-10.0 

10 

0.0 

+24.5 

- 3.0 

+ 9.0 

- 4.0 

-20.0 

11 

- 3.0 

+20.0 

4.0 

+10.0 

- 8.0 

-20.0 

12 

- 7.0 

+11.0 

0.0 

+ 8.0 

- 3.0 

-11.0 

13 

- 5.0 

+10.0 

- 1.0 

+ 6.0 

- 4.0 

-12.0 

! 
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FIGURE  2 
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TABLE  IV 


VIDEO 

IMAGE 

CHANNEL 

CARRIER  (MHz) 

FREQUENCY 

BEAT 

CAUSE 

2 

55.25 

\46.75 

1 .5  MHz 

E Video 

3 

61.25 

152.75 

1 .5  MHz  . 

F Video 

4 

67.25 

158.75 

1 .5  MHz 

G Video 

5 

77.25 

168.75 

-.5  MHz 

1 Video 

6 

83.25 

174.75 

-.5  MHz 

7 Video 

7 

175.25 

266.75 

8 

181.25 

272.75 

9 

187.25 

278.75 

10 

193.25 

284.75 

11 

199.25 

290.75 

12 

205.25 

296.75 

13 

211.25 

302.75 
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COHERENT  CARRIERS  FOR  CATV  - STATE  OF  THE  ART 

I.  Switzer,  P.Eng.  , 

Maclean-Hunter  Cable  TV  Limited, 

ABSTRACT 

Distortion  in  CATV  amplifiers  has  been  analyzed  by  several  authors, 

% 

notably  Simons  (1)  who  calculated  the  decibel  relationships  between  various 
types  of  distortion  products.  Consideration  of  the  practical  implications 
of  * such  an  analysis  leads  to  some  potentia-ly  significant  improvements  in 
the  subjective  quality  of  television  pictures  transmitted  through  cable 
television  systems  subject  to  amplifier  distortion.  A reduction  in  the 
visibility  of  many  third  order  distortion  products  is  likely  if  the  spacing 
between  adjacent  visual  carriers  is  properly  controlled.  A further  improvement 
is  likely  to  be  obtain;*:;  if  .11  visual  carriers  are  harmonics  of  a 6 MHz  master 
oscillator.  In  such  a case  all  second  and  third  order  distortion  products 
are  "zerb-beat"  and  it  is  suggested  that  the  subjective  effect  of  interference 
in  such  a case  would  be  substantially  lower  than  i$  presently  the  case  with 
present  visual  carrier  frequency  allocations. 

The  use  of  harmonic,  coherent  carriers  will  improve  system  performance 
and  will  also  make  possible  some  simplification  of  receiver  tuners  and 
converters, 

INTRODUCTION 

CATV  amplifier  distortion  is  commonly  analyzed  in  the  form  of  a power 

\ 

series  expression  with  three  terms  (1).  Such  an  analysis  gives  rise  to 
distortion  terms  that  include  second  and  third  order  harmonics  and  inter- 
modulation products  and  double  and  triple  beat  products.  Additional  distortion 
terms  describe  cross  modulation.  DC  shifts  and  gain  expansion  or  compression 
also  arises  in  the  analysis  but  these  effects  may  be  considered  very  minor  in 

a 

practical  CATV  amplifiers. 
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Second  order  distortion  components  consist  of  second  harmonics  of  the 
input  signals  and  sum  and  difference  products  of  the  input  signals.  Third 
order  distortion  products  consist  of  cross  modulation,  intermodulation,  triple-^ 
beat  terms,  and  third  harmonics.  Intermodulation  is  considered  to  be  the 
interaction  between  two  input  frequencies.  The  third  order  intermodulat  ion 
term  of  concern  in  this  discussion  is  the  one  having  the  forms  2F^+  F9  and  2F^-F^ 
Triple  beat  terms  of  concern  here  take  the  forms  F^  + F3  + ^3*  ^1  ~ - F^, 

+ F?  - F3  and  F^  - F^  + F^. 


/ 

Aural  carriers  in  cable  television  systems  are  usually  run  about  15  db 
below  associated  or  next  higher  adjacent  visual  carrier.  At  these  levels  they 
are  not  considered  as  contributing  to  the  distortion  products  in  a cable 
television  system  and  are  usually  omitted  from  analyses  of  the  distortion  problem 


DISTORTION  PRODUCTS  IN  PRACTICAL  CABLE  SYSTEMS 

Second  order  distortion  products  do  not  intzerfer  with  the  operation  of 
conventional  twelve  channel  cable  systems  since  all  harmonics,  sums  and 
difference  of  the  twelve  regular  VHF  television  visual  carriers  fall  outside 
the  regular  VHF  bands.  Second  order  distortion  products  do,  however,  seriously 
affect  the  operation  of  augmented  cable  systems  carrying  more  than  twelve 

h • > 

channels.  As  examples  we  may  note  that  second  harmonics  of  low  band  carriers 
fall  into  the  ,mid  band,  second  harmonics  of  mid-band  channels  fall  into  the 

t 

i 

super-band.  Differences  between  high  band  and  super-band  carriers  fall  into 
the  low  band.  Sums  of  mid-band  and  low-band  carriers  fall  into  the*  high  band. 

Many  CATV  amplifiers  in  current  use  were  designed  to  minimize  third  order 
distortion  products,  particularly  cross-modulation,  with  no  particular  regard 
to  the  amplifier's  second  order  distortion  characteristics.  It  now  becomes 
virtually  impossible  to  add  additional  channels  in  such  systems. 
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Third  order  distortion  affects  practical  cable  systems  in  several  ways. 
The  effect's  of  cross-modulation  are  well  -known  and  amplifier  design  has 
concentrated  on  the  minimization  of  this  particular  distortion.  Other  forms  J 
of  third  order  distortion  products  affect  conventional  twelve  channel  systems, 
but  their  effect  on  subjective  picture  quality  is  not  clearly  understood. 

Third  order  harmonics  of  low  band  channels  may  be  a problem  in  some 
amplifiers.  Table  I lists  these  harmonics: 

TArtl.K  I 


/ 


Channe  1 


Visual 

Cai/rier 

/ . 

^5.25  MHz 
/ . 

'fil.25 

Third 

Harmonic 

165.75  MHz 

(mid-band) 

183.75 

(channel  8) 

67.25 

201.75 

(channel  11) 

77.25 

x 231.75 

(super-band) 

83.25 

249.75 

(super-band 

Simons  states<  that  third  harmonics  will  be  15,5  db  lower  in  voltage 
level  than  triple  beat  component  arising  from  input  signals  of  the  same 

* r 

voltage  level.  Becausq  of  the  relatively  low  level  of  third  order  harmonics, 

\ 4 

visible  interference  from  them  ^is  probably  rare. 

Triple  beat  products  are  probably  significant  contributors  subjective 
picture  quality  degradation  in  practical  cable  systems.  A discussion  of 
these  products  should  be  separated  into  "near11  and  "distant"  products.  Triple 

heat  terms  in  which  both  signs  are  either  + or  - will  give  rise  to  products 

/ 

relatively  distant  in  frequency  from  the  input  signals  being  considered . Triple 
beats  with  alternating  signs  give  rise  to  products  quite  near  to  the  input 
signal^  frequencies.  • 


V 

\. 


,,74 


\ 
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It  is  obvious  that  there  is  a very  large  number  of  distortion  products 
• ( 
in  a multi-channel  cable  system.  Muller  (2)  has  calculated  and  tabulated 

some  of  the  second  and  third  order  distortion  products  generated  in  a 

conventional  twelve  channel  system  which  fall  within  the  standard  twelve 

channels.  He  tabulates  a total  of  353  distortion  products  arising  in  a 

twelve  channel  system  and  falling  vrithin  the  twelve  channels.  In  an 

augmented  channel  system  the  number  is  considerably  more. 

A 

Near  triple  beats  in  a group  of  adjacent  channels  fall  close  to  a 
visual  carrier.  The  "near"  triple  beats  between  channels  9,  10  and  11 
illustrate  this: 

9V  + 10V  - 11V  = 187.25  + 193.25  - 199.25  = 181,25  MHz  (8V) 

9V  - 10V  + 11V  = 187.25  - 193.25  + 199.25  = 205.25  MHz  (12V) 

The  "near"  triple  beats  between  channels  9,  10  and  11  fall  on  channels  8 

and  12.  Similar  results  are  obtained  from  other  combinations  of  channels 

from  an  adjacent  "group**  when  taken  three  at  a time.  Some  of  the  "near" 

products  fall  immediately  above  or  below  the  group,  and  if  the  group  considered 

is  the  standard  "high  band**  they  would  fall  onto  mid-band  or  super-band  channels. 

In  a practical  cable  system  the  visual  carrier  frequencies  are  only 

nominally  1.25  MHz  above  the  lower  band  edge.  The  actual  visual  carrier 

frequency  depends  on  the  offset  assigned  to  ’’the  originating,  station,  the 

accuracy  to  which  a particular  transmitter  holds  its  operating  frequency  and 

the  accuracy  and  stability  of  any  frequency  conversions  which  the  cable  system 

itself  may  make.  Table  II  illustrates  the  variation  that  may  be  experienced 

* 

in  a practical  cable  system. 
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TABLE  II 


ERIC 


Visual  carrier 


Visual  carrier 


Channel 

10  a.m. 

A p.m. 

Note 

2 

55.25007  MHz 

55.25007  MHz 

Broadcast  channel 

3 

61.26007 

61.26010 

Broadcast  channel 

A 

67.23998 

67.23997 

Broadcast  channel 

5 

77.25105 

77. 2509A 

Conversion  6-5 

6 

83.26031 

83.26026 

Modulator  locked  to  6 

7 

175.2599A 

175.25995 

Broadcast  channel 

8 

181.2A3A2 

181.2A3A2 

Conversion  9-8 

. 9 

187.2500A 

187.25003 

Modulator  locked  to  9" 

10 

193.2AA60 

193.2A569 

Substitution  oscillator 

11 

199.25951 

199.25952 

Broadcast  channel 

12 

205.2A539 

205.2A52A 

Closed  circuit  modulator 

13 

211.2275A 

211.29307 

Substitution  oscillator  at 
10  a.m.,  UHF  conversion  fr< 
channel  19  at  A p.m. 

Variations 

from  nominal  visual 

carriers  (A  p 

•m.  observation)  run  from 

-10.03  KHz  to  + A3. 07  KHz.  The  near  triple  beats  and  inter-modulation  products 

' « 

can  be  expected  to  fall  within  a similar  range  from  the  nominal  visual  carrier 
which  they  affect. 

To  illustrate  this  effect  a set  of  third  order  distortion  products  arising 


from  the  twelve  carriers  in  the  system  at  the  10  a.m.  observation  in  Table  II 


were  calculated  and  observed  on  a spectrum  analyzer.  All  the  triple  beat 


and  intermodulation  products  which  would  fall  near  a hypothetical  carrier  at 
A9.25  MHz  were  calculated  in  Table  III  and  arranged  :in  order  of  increased 


frequency  in  Table  IV. 
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TABLE  III 

TABLE  IV 

2V  + 2V  - 3V  = 

49.24007  MHz 

49.22389  t 

2V  + 3V  - 4V  = 

49.27106 

49.23517 

2V  + 5V  - 6V  = 

49.24081 

49.24008 

2V  + 7V  - 8V  = 

49.26660 

49.24081 

2V  + 8V  - 9V  = 

49.24346 

49.24346 

2V  + 9V  -10V  = 

49.25551 

49.24462 

2V  +10V  -11V  = 

49.23517 

49.25060 

2V  +11V  -12V  = 

49.26419 

49.25532 

2V  +12V  -13V  = 

49.26792  \ 

49.25551 

3V  + 7V  - 9V  = 

49.26998 

49.25704 

3V  + 8V  -10V  = 

49.25589 

49.25889 

3V  + 9V  -11V  = 

49.25060 

49.25928 

3V  +10V  -12V  = 

49.25928 

49.26419 

3V  +11V  -13V  = 

49.29204 

49.26660 

4V  + 7V  -10V  = 

49.25532 

49.26792 

4V  + 8V  -11V  = 

49.22389 

49.26998 

4V  + 9V  -12V  = 

49.24462 

1 49.2701^ 

4V  +10V-13V  = 49.25704 

49.29204 

\ 


All  these  products  were  identified  in  the 'system  using  the  spectrum  analyzer 
and  digital  frequency  counter. 

. > : \ 

Similar  clusters  of  distortion  products  exist  around  every  visual  carrier 
in  the  system,  the  exact  number  depending  on  the  channel  and  total  number  of 
channels  being  carried. 
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The  beats  resulting  from  these  particular  eighteen  interfering  products 
give  rise  to  a complex  visual  effect.  Differences  between  interference 
products  range  from  about  800  Hz  to  22  KHz.  The  author  has  nqt  been  able 
to  find  any  reports  of  studies  relating  picture  quality  degradation  to 
multiple  interference  of  this  kind  and  it  is  proposed  to  study  the  effect 
by  eliminating  it  as  proposed  later  in  this  paper. 

The  4 Mhz  guard  band  between  channels  4 and  5 causes  third  order  "near" 
products  which  are  space  at  4,  10  and  16  MHz  above  and  below  other  carriers 
instead  of  the  usual  multiples  of  6 MHz.  These  products  fall  2 and  4 MHz 
above  visual  carrier,  areas  that  are  not  as  sensitive  to  interference  as 
the  area  immediately  adjacent  to  the  visual  carrier. 

Some  third  order  "distant"  products  are  of  concern.  Three  such 
examples  are: 


11V  - 6V  - 3V  = 199.25  - 83.25  - 612.5  = 54.75  MHz 

i 

13V  - 6V  - 3V  = 211.25  - 83.25  - 612.5  = 66.75  MHz 

13V  - 6V  - 4V  - 211.25  - 83.25  - 67.25  = 60.75.  MHz. 

'''  „ , 

There  are  five  more  triple  beat  combinations  "'that  will  give  the  same  nominal 

\ , 

frequencies  as  the  above  examples.  These  will  result  in  clusters  of 
distortion  products  at  the  nominal  interference  frequencies.  There  are  many 

other  third  order  "distant"  products  which  are  generated  in  multi-channel 

I . ’’ 

systems.  Some  arise  from  the  offset  of  channels  5 and  6 due  to  the  4 MHz 

e. 

guard  band  between  channels _4  and  5.  Others  arise  from  combinations  in  which 
the  signs  combining  terms  are  either  both  + or  both  -.  Simons,  in  an 
unpublished  memorandum,  has  studied  the  number  eff  such  "distant"  terms  in 
more  detail.  He  cites  two  examples.  In  the  first  example,  using  ten  "standard" 


..  * 


/ 

• s 
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channels  (2—4 , 7-131)  there  are  176  in-band^third  order  distortion  products 
of  which  25  are  not  close  to  carrier  frequencies.  In  a second  example  he 

cites  a 21  channel  system  using  the  "standard"  12  channels,  except  that 

/ . , 

channels  5 and  6 are  moved  up  2 MHz,  plus  9 mid  band  channels  (A  through  I). 

In  this  case  there  are  2,137  in  band  third  order  distortion  products  of  which 
62  do  not  fall  on  carrier  frequencies. 

Our  laboratory  cross  modulation  test-set  consists  of  a set  of  12 
"standard"  channels  generated  using  "up-converters"  from  conventional 
heterodyne  signal  processors.  Eight  mid-band  channels  (Channels  B through  I) 
have  been  added  to  the  set  using  similar  "up-converters".  These  up-converters 
are  driven  from  a crystal  controlled  IF  source.  The  output  frequencies  of 
this  20  channel  test  signal  source  were  measured  recently  as  being  representative 
of  frequency  range  to  be  expected  in  a 20  channel  head  end  using  extensive 
signal  frequency  conversion  and  without  special  attention  to  oscillator 
stability,  i.e.  using  local  oscillators  which  are  crystal  controlled  but 
not  temperature  compensated  or  temperature  controlled.  The  expected  "near" 
distortion  products  at  49.25  MHz  were  calculated  and  verified  with  the 
spectrum  analyzer.  There  were  42  such  products,  compared  with  18  in  the  12 
channel  case.  They  ranged  in  frequency  from  40.23698  MHz  to  49.26973  MHz, 
a range  of  32.75  KHz. 

PROPOSED  REMEDIES  k 

It  is  obvious  that  the  clustering  of  distrotion  products  would  be  V., 

eliminated  if  all  the  visual  carriers  were  separted  by  exactly  the  same 

v 

t 

frequency.  Since  channels  '4  and  5 are  separated  by  4 MHz  instead  of  the 
usual  6 MHz  we  must  drop  the  channel  4-5  spacing  from  the  present  discussion. 

If  all  the  other  channels  are  separated  by  exactly  the  same  spacing  the  third 


V 


7 
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order  "near"\distortion  products  will  fall  directly  on  a visual  carrier  instead 
\ / ‘ . 
of  close  to  it.  The  interfering  products  would  be//"zero  beat"  and  would 

\ / ■ 

slightly  increase  or  decrease  the  carrier  level  according  to  their  relative 

> / 

phase.  The  modulation  side  bands  associated  y'ith  each  interfering  carrier 
would  still  be  present  but  it  is  suggested  that  this  would  manifest  itself  as 

t ■; 

I 

a slight  increase  in  cross  modulation  aind  that  this  effect  would  be  less 
objectionable  that  the  quality  degradation  due  to. the  present  clustering  of 
interfering  beats  around  each  visual  carrier.  Simons  noted  that  a triple 
beat  in  a 12  channel  system  would  be  expected  to  be  about  21  db  below  the 
cross-modulation  level.  If  20  additional  third  order  products  resembling 
cross  modulation  were  added  we  might  expect  the  level  of  these  products  to 
rise  about  16  db  above  the  expected  triple  beat  level..  This  would  still  put 

i 

theji  about  5 db  below  the  cross  modulation  level  already  present  and  would 
therefore  contribute  very  little  additional  cross  modulation.  This  inter- 
pretatidn  is  still  speculative  and  experiments  are  now  underway. 

It  is  proposed  that  cable  television  head  ends  be  designed  so  that  the 
three  major  groups  of  adjacent  channels  be  spaced  individually  by  the  same  - 
amount,  i.e.  that  the  spacing  between  adjacent  channels  should  be  locked  to 

i 

i 

a master  6 MHz  spacing  oscillator.  Phase  locking  techniques  now- make  such 
a head  end  quite  practical.  Heterodyne  processors  capable  of  locking  the 

output  visual  carrier  frequency  to  an  external  frequency  reference  will  soon 

/ 

be  available  and  could  be  employed  in  the  construction  of  such  a hea^  end. 

The  principle  can  of  course  be  extended  to  mid— band  and  super— band  channels. 
Additional  channels  above  and  below  the  regular  high  band  should  be  contiguous 
and  use  the  same  master  spacing  oscillator.  Some  channels  may  of  course  be 
omitted  so  long  as  the  spacing  between  channels  is  eith  6 MHz  or  a multiple 
of  the  master  6 MHz  oscillator. 


/ 


This  will  cause  most  in-bartd  third  order  modulation  products  to  fall 
directly  on  visual  carriers  with  consequent  elimination  of  visible  beats. 
Cross  modulation  will  be  increased  somewhat,  A few  in-band  third  order 
products  will  still  be  present  but  these  will  be  very  few  in  number  and  not 

in  sensitive  portions  of  the  channel.  As  the  number  of  channels  in  a system 

/ 

rises  about  12  it  appears  that  intermodulation  becomes  the  limiting- system 
performance  characteristic,  A coherent  head-end  using  common  6 MHz  master 

i > 

i 

oscillator  spacing  significantly  reduces  third  order  modulation  and  triple 
beat  products.  The  exact  value  of  this  mode  of  operations  will  be  determined 
from  experiments  within'  the  nex*  few  months. 

Several  variations  are  possible  to  suit  special  local  conditions.  It 
may  be  desirable  to  lock  one  of  the  cable  channels  to  a local  broadcast 
channel.  This  is  accomplished  by  making  the  local  broadcast  channel  act  as 
the  reference  frequency  to  whicha  6 MHz  harmonic  comb  is-  added  to  produce  the 
other  reference  frequencies.  This  may  be  extended  to  locking  to  two  local 
channels  by  deriving  the  6 MHz  master  oscillator  from  the  difference  between 
1 two  local  channels.  Unless  one  of  the  local  channels  is  channel  5 or  6 the 
i difference  between  any  two  local  channels  will  always  he  divisible  by  six  and 
t the  required  6 MHz  master  frequency  can  be  derived  by  digital  division  of  the 
jdiff erence . frequency  between  two  local  television  carriers.  If  one  of  the 
jlocal  channels  is  5 or  6 it  can  be  locked  to  independently  of  the  others.  In 
such  a case  it  would  be  possible  to  lock  to  three  local  carriers,  one  of  them 
being  channel  5 or  6. 

A COMPLETE  SYSTEM  • ' ✓ 

It  will  be  noted  that  the  system  of  locking  to  a 6 MHz  master  spacing 
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oscillator  does  not  overcome  second  order  distortion  problems  or  triple  sum 
or  triple  difference  products.  Beats  involving  the  spacing  between  channels 
4 and  5 are  not  handled  either.  A more  complete  remedy  would  be  to  use 
visual  carrier  frequencies  which  are  harmonics  of  a master  6 MHz  oscillator. 

In  such  a case  all  harmonic,  sum,  difference,  and  intermodulation  products 
of  all  orders  will  be  "zero  beat".  A head  end  for  such  a system  can  be 
effected  in  the  way  previously  recommended,  using  phase-locking  heterodyne 

processors  and  modulators,  but  the  cable  channels  will  not  be  receivable  on 

«* 

ordinary  television  receivers  because  all  channels  (except  5 and  6)  will 

have  been  lowered  1.25  MHz  in  frequency.  Channels  5 and  6 will  effective 

\ 

have  been  moved  up  by  0.75  MHz.  Actually  many  receivers  would  be  able  to 
tune  the  new  channel  allocations  (except  new  channel  6)  because  most  fine 
tuners  would  have  the  tuning  range  to  accommodate  the  new  carrier  allocation. 
Many  receivers  would,  however,  not  tune  the  new  carriers. 

t * •' 

Many  new  systems  are  being  built  to  handle  more  than  twelve  channels 

.and  are  using  tunable  set-top  converters  in  every  installation.  In  some 

; • \ / 

'cases  set  top  converters  are  being  used  to  overcome  local  pick-up  problems. 

1 / 

In  such  cases  the  proposed  harmonic  carrier  allocations  could  be  used  because 

■ • • | / 

it  is  just  as  easy  to  align  a^set-top  converter  to  the  proposed/harmonic 

channels  as  to  the  present  channels.  ^ 

The  required  refe^^ce  carriers  would  be  generated  by  a master  oscillator 
and  harmonic  generator. 

/ t 

Use  of  harmonically  related  visual  carriers  would  cayse  second  order 
products  to  "zero  beat"  but  this  does  not  completely  eliminate  their  effect1. 
The  modulation  sidebands  associated  with  the  mixing  carriers  also  “Contribute 
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to  interference  and  the  subjective  effect  of  these  sidebands  is  not  yet  known. 
It  is  expected  that  they  would  probably  result  in  slightly  increased  cross 
modulation^ and  that  the  overall  effect  would  be  an  improvement  over  present 
operations.  Systems  with  abnormally  high  second  order  distortion  products 

might  find  that  the  resulting  increased  cross  modulation  would  be  excessive 

// 

and  might  have  to  take  additional  steps  to  reduce  second  order  distortion 

j 

levels  in  their  systems. 

Hybrid  systems  which  use  harmonic  carriers  in  a transportation  tr.unk  J 

/ 

/ and  regular  carriers  in  local  distribution  can  be  considered.  A multiple 
block  converter  can  be  designed  that  would  shift  harmonic  carriers  to 
regular  channels  in  two  blocks.  Channels  2,  3,  4 and  the  high  band  would  be 
one  block  and  channels  5 and  6 would  be  » e other  block. 

Some  schemes  for  implementing  augmented  channel  capacity  require  some 
of  the  channels  to  be  "inverted" , i.e.  having  visual  carrier  higher  in 
• frequency  than  the  aural  carrier.  Such  systems  can  be  implemented  with 
locked  spacing  or  with  &rrmonic  carriers  since  this  discussion  of  distortion 
products  deals  with  only  visual  carrier  spacing  and  frequencies.  Associated 
aural  carriers  can  be  located  above  or  below  the  visual  carriers,  as  desired, 

so  long  as  channels  do  not  overlap  in  the  transition  between  normal' and 

* 

inverted  channels.  ' 

» ( 

The  reference  carriers  for  a coherent  head  end  can  be  generated  in  a 
number  of^ways.*'  One  practical  way 'is  to  have  a 6 MHz  master  oscillator 
drive  a "comb  generator"  whose  harmonic  output  comb  is  then  mixed  with  a 

S >. 

suitable  base  oscillator  for  each  band  of  reference  frequencies.  All  channel 
references  can  be  based  on  a single  base  oscillator  and  6 MHz  comb,  except 
for  channels  5 and  6 whose  base  frequency  must  be  offset  by  4 MHz. 

i 
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Channels  normally  processed  by  "on— channel*1  heterodyne  processors  will 
be  shifted  only  slightly  in  frequency  when  locked  to  the  coherent  reference 
carriers.  This  requires  careful  shielding  within  the  processor  30  that  the 

input  frequency,  which  is  not  coherent  with  the  desired  output  frequencies 

/ / 

should  not  leak  through  into  the  output,  causing  undesirable  beats. 

The  accuracy  and  stability  of  the  master  6 MHz  oscillator  and  the  base 
oscillators  are  not  critical  but  should  be  chosen  so  that  the  final  spectrum 
has  accuracy  and  stability  characteristics  meeting  applicable  system 

^ * 1 

specifications.  Since  +-  10  KHz  accuracy  is  probably  required  at  the  highest 
channel,  +-  5 KHz  accuracy  would  be  required  in  the  base  oscillator  and  the 
highest  used  harmonic  of  the  master  6 MHz  oscillator.  This  is  approximately 
5 KHz  in  100  MHz  in  each  oscillator  so  that  .005%  accuracy  and  stability  should 
suffice. 

THE  CROSS  MODULATION  PROBLEM 
1 . Suppressed  Carrier 

The  use  .of  coherent  harmonic  carriers  should  practically  eliminate 
problems’  associated  with  harmonics  and  intermodula tion  products.  Actually 

the  products  are  not  eliminated  but  their  subjective  effect  is  drastically 

1 

reduced.  Cross  modulation  still  remains'and  may  indeed  be  effectively 

\ . . . * 

increased  by  the  intermodulation  between  modulation  sidebands.  / 

A direct  approach  to  the  problem  is  to  "unload"  the  amplifiers  by 
suppressinjg  the  carriers.  The  system  would  operate  as  a double  side  band, 
suppressed^  carrier  system.  Actually  a vestigial  lower  sideband  system 
would  still  be  used  but  the  spectrum  immediately  pround  the  carrier  is  double 
sideband  and  this  is  important  in  considering  some  of  the  problems  associated 

<384 


278 


with  suppressed  carrier.  ''Benefits  to  be  obtained  may  be  estimated  from 
consideration  of  RF  envelopes  for  normal  and  suppressed  carrier  waveforms. 
Reduction  of  approximately  6 db  in  peak  envelope  are  likely.  This  is  a / 

significant  advantage  since  it  effectively  reduces  amplifier  outputs  by  „ 
about  6 db.  This  reduces  second  order  products  by  6 db  and  reduces  third 

j - 

order  products  such  as  cross  modulation  -ftnd  third  order  inter-modulation  by 

• ^ ■'  w 

! . 

12  db.  Alternately  the  additional  6 dh  margin  can  he  used  to  improve 

signal  to  noise  ratio  by  raising  amplifier  input  levels  appropriately. 

I 

Unfortunately  signal  to  noise  ratio  * increases  only  1 db  for  each  1 db  increase 

\ a 

in  signal  level  ,^?hefeas  cross  modulation  declines  on  a 2 for  1 basis.  The 

\ 

6 dl?  improvement  can  "buy11*  6 db  of  noise  improvement  of  12_  db  of  cross 
modulation  improvement.  Operators  would  be  able  to  take  their  choice. 

Suppressed  carrier  channels  are  easy  to  generate  using  balanced  modulators, 
but  rather  difficult  to  achieve  through  heterodyne  processing  of*  conventional- 

TV  carriers.  \ " ■ J 

! 

Re-insertion  of  the  carrier  for  reception  by  conventional  TV  receivers 
is  a difficult  problem.  A variety  of  techniques  are  available.  The  presence 
of  both-  sidebands  makes,  it  important  to  achieve  both  correc  t frequency  and 
phase  for  the  re-Tnserted  carrier.  The  presence  of  both  sidebands  also  makes 
it  possible  to  establish  the  carrier  by  squaring  the  DSBSC  wave,  filtering 
the  component  present  at  twice  the  carrier  frequency  and  then  electrically 
dividing  this  frequency ‘by  two  (3). 

Other  carrier  recovery  systems  are  possible.  One  technique  tak^s  advantage 

^ ; . / 

of  the  special  specular  characteristics  of  television  modulation.  Knvelope 

i . 

detection  of  a DSBSC  television  signal  is  not  directly  usable  but  is  rich  in 

m \ i ' 

horizontal  scan  frequency1  components.  Envelope  detection  with  an  arbitrarily 
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inserted  carrier  yields  spectral  components  which  can  be  compared  with  the  H 
components  from  the  detected  DSBSC  signal.  A phase  control  sytem  could  adjust 
the  re-inserted  carrier  to  the  proper  position.  (3) 

Systems  could  probably  be  developed  using  carrier  ,,bursts,t  during  video 
sync  pulses  in  a manner  analogous  to  the  transmission  and  detection  of  colour 
subcarrier  in  the  NTSC  colour  system.  Assuming  a random  phasing  of  sync 
pulses  between  channels  in  the  system,  the  bursts  of  carrier  should  not 
significantly  affect  the  overall  system  loading,  since  it  would  be  unlikely 
that  more  than  two  or  three  such  carrier  bursts  would  occur  simultaneously. 

Suppressed  carrier  might  make  coherent  carrier  operation  unnecessary, 
but  the  use  of  coherent  carriers  might  make  it  easier  to  re-establish  the 
carrier  at  the  receiver  terminal.  Carriers  could  be  re-established  by 
resynthesizing  from  a pilot  distributed  in  the  system.  A 6 MHz  pilot  tone 
could  be  multiplied  into  a spectrum  comb  which  could  then  jbe  mixed  in  with  all 

t' 

the  suppressed  carrier  channels  simultaneously.  Correct  phasing  would  still 

i 

be  a problem  but  could  probably  be  achieved. 

It  wc^uld  be  desirable  if  low  cost  carrier  .re— insertion  could  be  achieved 
in  a set-top  converter.  It  is  too  early  to  judge  the  prospects  for  this 
kind  of  converter.  We  do  expect  to  be  using  suppressed  carrier  techniqqqs 
between  major  head  ends  in  a large  system  within  a year.  This  will  allow 
us  to  test  suppressed  carrier  effectiveness  while  working  on  the  problems 
of  low  cdst  reception  of  DSBSC  TV  signals.  ^ 

2 . Coherent  Video 

f 

TV  carriers  have  maximum  envelope  amplitudes  during  sync  pulses. 

/ . N ' 

Amplifier  loading  depends  on  the  complex  envelope  representing  the  "sum"  of 
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the  envelopes  of  multiple  carriers.  If  the  envelope  peaks  could  be  made  to 

I 

coincide  on  all  channels  maximum  amplifier  loading  would  occur  at  a known  and  •. 

; N 

controlled  time,  namely  during  picture  blanking  (horizontal  and  vertical)  on 

all  channels.  In  between  sync  pulses  thd  carrier  envelopes  would  be  significantly 

To\jer  representing  the  envelope  peaks  reached  by  normal  picture  "blacks". 

Normal  picture  blacks  would  reach  only  about  66%  of  peak  envelope.  Peak 
' ' ' / '• 
envelope  during  picture  content  interval  would  therefore  be  about  3.6  db  lower 

than  during  sync  interval.  NCTA  specifications  call  for  amplifier- cross 

modulation  measurements  to  be  made  with  all  video  synchronous  and  measures  the 

cross  modulation  from  these  synchronous  video  channels  onto  an  unmodulated 

V 

carrier.  This  is  the  worst  case  since  all  the  channels  except  the  one  being 

measured  have  co-incident  RF  envelope  peaks.  Coherent  video  would  make  RF 

envelope  peaks  co-incident  on  all  channels  and  the  cross  modulation  resulting 

would  come  from  RF  envelopes  corresponding  to  random  picture  content  in  all 

the  channels-^Cross  modulation  should  be  significantly  reduced  since  the 

amount  of  cross  modulation  depends  not  only  on  the  envelope  peak  but  on  the  ) 

• ’ * / 
modulation  index  of  the  channels  in  the  system.  Most  visible  cross , modulation 

arises  from  the  blanking  bars  of  other  channels  corresponding  to  their  sync 

pulses.  Since  these  aspects  of  cross  modulation  will  never  be  visible, 

occuring  during  the  vertical  and  horizontal  blanking  of  the  channel  being 

watched,  we  may  expect  cross  modulation  reductions  corresponding  at  least  to 

the  difference  in  modulation  level4’ between  sync  tips  and  normal  picture  blacks, 

•+  • * 

N ' ! 

about  3.6  db.  ‘ ^ x 

Coherent  video  dan  be  achieved  but  at  great  .economic  cost.  The  ^problem 
is  really  phase  coherence  rather  than  frequency  coherence.  Virtually  all  TV 
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stations  today  use  colour  sync  generators  with  high  quality  colour  subcarrier 
oscillators  as  the  basic  frequency  standard.  Normal  tolerance  is  4—  10  liz 
in  3.58  MHz  equal  to  about  3 parts  in  100  accuracy.  Most  sync  generators 
are  better  than  this.  The  relative  phase  of  sync  pulses  will  be  quite 
arbitrary  depending  on  transmission  routes  and  distances  and  the  phase  in 
which  a picture  source  happens  to  start.  Phase  and  frequency  can  be  adjusted 
by  the  use  of  "time  base  correction".  Time  base  correction  is  used  in  quality 
video  tape  recorders  and  "black  boxes"  for  general  purpose  time  base  correction 
are  just  now  becoming  available.  Such  correctors  now  achieve  an  "11  lock", 
i.e.  they  lock  the  horizontal  sync  rate  of  two  video  sources.  "V  lock"  can 
be  achieved  in  video  tape  machines  but  is  more  difficult  to  achieve  in  a 
general  purpose  "black  box"  since  it  would  require  the  ability  to  shift  + or 
H field,  a rather  long  time  span,  compared  to  the  half  H line  shifts 
required  for  arbitrary  H lock.  At  the  moment  it  appears  that  time  base 
correction  to  permit  "coherent  video"  is  too  expensive  to  contemplate  in  CAT1.’ 
systems.  We  are,  however,  watching  developments  in  the  video  time  base 
correction  field  with  a view  to  possible  implementation  at  a future  date. 

EFFECT  ON  CONVERTER  DESIGNS 

The  use  of  coherent  carriers  which  are  harmonics  of  a master  6 MHz 
oscillator  makes  possible  the  consideration  of  some  interesting  converter 
and  tuner  designs. 

The  problem  of  image  rejection  and  local  oscillator  radiation  has  forced 
converter  designers  to  abandon  the  commonly  used  IF  of  45.75  MHz  in  favour 
of  substantially  higher  IF  and  local  oscillator  frequencies.  IF  frequencies 

are  now  often  about  400  MHz  and  local  oscillator  frequencies  are  about 
500  - 700  MHz. 
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It  is  difficult  to  make  selective  TV’s  at  these  frequencies  and  the  potential 
usefulness  of  the  converter  as  a "preselector"  for  TV  receivers  which  do  not 
have  enough  preselection  of  their  own  is  lost. 

If  we  select  an  IF  frequency  which  is  also  a harmonic  of  6 MHz,  our  local 
oscillators  can  also  he  coherent  harmonics  of  fi  Mllz.  Any  local  oscillator 
leakage  back  into  the  system  will  be  zero  beat  with  system  carriers.  Since  the 
local  oscillator  is  not  modulated  i.i  will  not  significantly  affect  the  system 
carriers.  An  IF  frequency  of  42  Mllz  could. lie  chosen  for  the  visual  IF.  The 
local  oscillator  could  be  generated  from  a master  6 Mllz  pilot  carrier  transmitted 
through  the  system.  Phase  lock  loops  could  lock  the  IF  to  a master  42  Mllz 
reference  or  synthesizer  techniques  could  bo  used  to  generate  the  required 
local  oscillator  frequencies.  T.mgae  rejection  would  have  to  lie  controlled 
by  appropriate  UF  selectivity.  Images  would  he  also  bo  coherent  and  the 
system  would  probably  be  less  sensitive  to  image  Interference  for  this  reason. 

Use  of  a relatively  low  TF  frequency  with  stable  local  oscillators  would  permit 
building  adjacent  channel  selectivity  into  the  converter.  Surface  wave  filter 
technology  is  now  being  developed  for  use  in  TV  I F ’ s at  45.75  Mllz.  It  Is 
likely  that  these  techniques  wll.1.  be  adaptable  to  a 42  Mllz  IF,  making  low  cost, 
very  stable  IF  sections. 

The  desirability  of  a suppressed  carrier  system  has  been  suggested  and 
there  will  be  efforts  to  combine  all  these  techniques  into  a single,  high 
performance,  reasonably  priced  converter. 
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SUBSCRIBER  TERMINAL  INTERFACE  REQUIREMENTS 

T.  p.  Ellsworth 
The  Magnavox  Company 
Ft.  Wayne,  Indiana 

It  is  a privilege  to  serve  with  Dr.  Powers  and  other  members  of 
the  Frequency  Allocation  Subcommittee  of  the  IEEE  Coordinating 
Committee  for  Cable  Communications  Systems.  I believe  that  the  work 
of  this  group  will  prove  to  be  significant  in  the  development  of 
needed  frequency  allocation  standards  for  the  cable  television 
industry.  During  the  course  of  our  committee  work,  it  became  clear 
that  performance  characteristics  of  domestic  television  receivers  arc 
a major  factor  that  must  be  carefully  considered  in  establishing 
recommendations  for  frequency  allocation  plans.  Time  will  not  permit 
detailed  consideration  of  all  performance  parameters  that  affect 
satisfactorv  operation  of  domestic  color  and  monochrome  receivers  on 
Cable  TV  sy^uems.  I have  selected  four  major  topics  for  review  in 
this  paper: 

(1)  Rejection  Ratios  for  Unwanted  Adjacent  Channels  Carriers 

(2)  Local  Oscillator  Stability 

(3)  Local  Oscillator  Interference 

(4)  Receiver  Noise  Figure  and  Dynamic  Range 

These  topics  were  selected  because  many  of  the  reported  difficulties 
with  some  models  of  television  receivers  operating  on  cable  systems 
appear  to  be  related  to  these  four  items. 

Operation  of  conventional  television  receivers  on  "fully  loaded" 

12  channel  cable  systems  requires  some  receiver  performance  character- 
istics that  exceed  the  demands  imposed  by  reception  of  a few  non-adjacent 
over-the-air  VHF  channels.  I cannot  speak  for  the  entire  television 
receiver  industry,  but  I do  knew  that  current  production  standards  of 
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Magnavox  television  receivers  embody  the  necessary  design  parameters 
and  manufacturing  controls  to  assure  satisfactory  television  receiver 
operation  on  12  channel  cable  systems.  The  design  ar»d  manufacture  of 
television  receivers  for  satisfactory  operation  on  20  or  more  channels 
presents  a set  of  new  problems  and  new  challenges. 

Figure  l illustrates  the  type  of  problem  encountered  by  operation 
on  contiguous,  6 MHz  - spaced  channels.  The  abscissa  is  shown  in 
terms  of  TV  intermediate  frequencies.  The  adjacent  channel  picture 
and  sound  carriers  are  spaced  only  1.5  MHz  from  the  desired  channel 
picture  and  sound  carriers. 

LOWER  ADJACENT  SOUND  CARRIER 

In  Archer  Taylor's  report  to  the  FCC  for  NCTA,  "Performance 
Characteristics  of  Television  Receivers  Connected  to  Cable  Television 
Systems,"  he  suggested  minimum  threshold  interference  ratios  between 
35  and  40  db  for  suppression  of  lower  adjacent  channel  sound  carrier 
interference.  Based  upon  a difference  of  13  db  between  picture  and 
sound  carrier  levels,  and  a difference  of  3 db  between  adjacent  channel 
video  carriers,  a selectivity  ratio  about  30  db  would  be  required  as 
a minimum  to  avoid  interference  from  the  lower  adjacent  sound  carrier. 

The  1950  tests  referenced  by  Archer  Taylor  in  the  above  report 
were  probably  conducted  by  observation  of  small  screen  monochrome 
receivers  without  aluminized  picture  tubes.  We  have  conducted  similar 
controlled  interference  tests,  using  large  screen  color  TV  receivers. 

We  have  verified  the  generally  accepted  minimum  tolerable  interference 
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ratio  of  -37  c!b  for  coherent  interference  from  signals  In  the  vicinity 
of  the  video  carrier.  Thus,  the  adjacent  channel  sound  carrier  level 
at/the  second  detector  should  not  exceed  47  db: 

57  db  interference  ratio 

-13  db  sound  modulation  level 

+ 3 db  limit  on  adjacent  channel  signal  level  variance 

-47  db  required  rejection  ratio  for  (47.25  MHz)  adjacent, 
channel  sound  carrier 

The  rejection  of  the  unwanted  47.25  MHz  sound  carrier  is  usually  provi- 
ded by  a trap  in  the  intermediate  frequency  amplifier,  since  the  unwanted 
sound  carrier  is  only  1.5  Mz  from  the  co-channel  picture  carrier.  Typ- 
ical adjacent  channel  sound  carrier  rejection  ratios  of  60  db  are 
provided  by  current  television  receivers  manufactured  by  Magnavox. 
Rejection  ratios  exceeding  50  db  for  lower  adjacent  sound  carriers  were 
indicated  on  the  tests  reported  by  Archer  Taylor.  Thus,  properly 
adjusted  47.25  MHz  traps  should  provide  adequate  rejection  of  the  upper 
adjacent  sound  carrier,  providing  the  tuner  is  properly  adjusted. 

UPPER  ADJACENT  CHANNEL  PICTURE  CARRIER 

Now,  let  ua  consider  the  effects  of  interference  from  the  upper 
adjacent  channel  picture  carrier.  In  order  to  avoid  visible  interference 
from  the  upper  adjacent  channel  picture  carrier,  40  db  rejection  of  the 
unwanted  adjacent  picture  carrier  is  required.  The  required  rejection 
of  the  unwanted  39.75  MHz  picture  carrier  is  normally  provided  by  a 
trap  in  an  IF  amplifier. 

The  effect  of  the  upper  adjacent  39.75  MHz  carrier  on  the  co-channel 
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sound  carrier  is  reduced  by  30  db  rejection  of  AM  interference  provided 
by  the  t'M  limiter  and  sound  detector.  Thus,  the  total  effective  rejec- 
tion ot'  interference  with  co-channel  sound  at  the  output  of  the  FM 
detector  i«  the  sum  of  the  rejections  provided  by  the  i.f.  trap  and 
the  sound  limiter/detector,  or  70  db. 

s'  Hence,  the  40  db  rejection  of  the  upper  adjacent  picture  carrier 
is  adequate  to  handle  interference  with  the  wanted  picture  and  sound 
curriers. 

SOLID-STATE  FILTER  FOR  TV  IF  AMPLIFIER 

The  reauired  rejection  ratios  for  the  lower  adjacent  sound  carrier 
and  the  upper  adjacent  picture  carrier  are  now  achieved  by  the  use  of 
lumped  constant  traps,  whose  satisfactory  performance  depends  upon 
accurate  adjustment.  I would  like  to  report  progress  in  the  development 
of  a new  type  of  solid-state  filter,  whose  transfer  characteristics 
are  fixed  by  the  intrinsic  characteristics  of  the  solid-state  substrate, 
and  never  require  adjustment. 

The  new  solid-state  filter  has  been  developed  in  our  Advanced 
Engineering  Laboratories.  This  filter  has  performance  characteristics 
that  appear  to  satisfy  all  technical  requirements  for  i.f.  selectivity 
with  a high  degree  of  precision  and  stability.  Reference  is  made  to 
Figure  2,  Performance  of  Solid-State  Filter.  The  transfer  characteristic 
of  an  experimental  solid-state  filter  was  tailored  to  the  specific  per- 
formance required  for  an  i.f.  transfer  characteristic.  It  should  be 
noted  that  the  minimum  40  db  rejection  of  the  upper  adjacent  channel 
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19.75  MHz  picture  carrier  Is  exceeded  by  a 12  db  margin.  Rejection  of 
the  lower  adjacent  channel  sound  carrier  exceeds  the  calculated  47  db 
requirement:  by  a 13  db  margin.  Thus,  the  lower  adjacent  sound  carrier 
and  upper  adjacent  picture  carriers  should  have  more  than  adequate 
suppression,  even  with  minor  Inaccuracies  In  fine  tuning  and  local 
oscillator  drift. 

Figure  3 lists  the  general  performance  characteristics  of  the 
solid-state  filter.  The  transfer  characteristics  and  filter  rejection 
nodes  for  upper  and  lower  adjacent  channel  carriers  are  established  In 
a highly  precise  manner  In  the  replication  process,  and  no  Individual 
adjustments  are  required.  The  filter  characteristics  have  crystal 
stability,  and  will  not  drift  significantly  with  age.  The  filters 
also  have  excellent  temperature  stability  over  normal  temperature 
operating  range  - - 20  KHz  for  a temperature  range  -5°  to  +75°C. 

During  the  technical  sessions  of  the  Frequency  Allocation  Sub- 
committee, a proposal  was  made  to  provide  a "guard  band"  of  1/4  to  1/2 
MHz  between  cable  channels  In  order  to  solve  the  reported  adjacent 
channel  Interference  problem.  I did  not  recommend  adoption  of  this 
proposal,  because  of  the  consequent  lost  transmission  bandwidth,  and 
because  It  Is  possible  to  achieve  adequate  performance  with  our  present 
lumped-constant  circuits.  The  Introduction  of  the  solid-state  filter 
will  facilitate  uniform  and  stable  performance  In  future  commercial 


television  receivers. 


PERFORMANCE  FEATURES  OF  SOLID-STATE  FILTERS 
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APPLICATION  TO  COLOR  TELEVISION  RECEIVERS 

The?  same  design  and  process  techniques  that  were  used  to  develop 
the  solid-state  filter  arc  also  applicable  to  automatic  frequency 
control  circuits,  figure  A is  a block  diagram  of  the  radio- frequency 
and  intermediate  frequency  amplifier  sections  of  an  experimental  tele- 
vision receiver.  In  this  design,  the  automatic  frequency  control 
circuit  is  controlled  by  the  solid-state  circuit  elements  fabricated 
on  the  same  substrate  as  the  solid-state  trap  filter.  In  this  config- 
uration, any  minor  thermal  drifts  in  the  local  oscillator  frequency 
and  trap  null  points  due  to  substrate  characteristics  will  track,  and 
rejection  of  unwanted  carriers  will  be  maintained. 

LOCAL  r'fSCILLATOR  STABILITY 

Now,  let  us  consider  the  stability  of  the  local  oscillator.  The 
magnitude  of  local  oscillator  drift  depends  upon  a number  of  factors, 
including: 

Magnitude  of  thermal  rise  of  tuner  environment 

Shift  in  electrical  characteristics  of  passive  circuit 
tuning  elements  as  a function  of  ambient  temperatures 

Type  of  active  devices  used  in  oscillator  circuit,  and 
their  susceptibility  to  thermal  rise 

Control  range  and  control  ratio  of  AFC  circuits,  and 
thermal  stability  of  AFC  circuits 

Susceptibility  of  oscillator  circuits  to  power  supply 
voltage  changes 

A wide  variety  of  types  of  VHF  tuners  are  in  current  use,  with  a 
correspondingly  wide  variety  in  the  magnitudes  of  local  oscillator 
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drift  over  several  hours.  The  tests  reported  by  Archer  Taylor  indicated 

local  oscillator  drifts  from  65  Kllz  to  200  KHz  in  one  hour,  industry 

sources  have  suggested  that  an  acceptable  high  limit  for  long  term 

thermal  drift  for  current  VHF  tuners  should  be  +100  KHz,  -300  KHz, 

without  AFC  correction;  frequency  shifts  due  to  line  voltage  changes 
f 

would  be  -100  KHz.  The  above  values  for  thermal  drift  seem  to  be 

higher  than  our  experience  with  current  VHF  tuners.  The  specified 

drift  for  a typical  tuner  is:  For  a 15°C  thermal  rise,  the  long-term 

local  oscillator  drift  limit  is  75  KHz,  without  AFC  control.  Using  an 

AFC  loop  with  a 10:1  control  ratio,  the  total  long-term  thermal  drift 
+ 

is  less  than  -10  KHz. 

Changes  in  local  oscillator  frequency  due  to  line  voltage  changes 
could  be  significantly  reduced  by  the  use  of  a voltage  regulator  for 
the  VHF  tuner. 

On  the  basis  of  the  information  available,  it  appears'  that  thermal 
drift  of  TV  local  oscillators  can  be  controlled  within  tolerable  limits, 
by  proper  application  of  known  design  techniques,  considering  the 
design  parameters  listed  above. 

The  combination  of  precisely-controlled  and  stable  filter  nodes  in 
the  solid-state  filter  and  AFC  - controlled  thermal  drift  of  the  local 
oscillator,  the  adjacent  channel  sound  and  picture  carriers  should  pro- 
duce no  discernable  adjacent  channel  interference. 

LOCAL  OSCILLATOR  INTERFERENCE 


Let  us  consider  the  effects  of  local  oscillator  signals  conducted 


7 


294 


to  the  cable. 

A variable  local  oscillator  in  a television  receiver  is  mixed 
with  a received  signal  to  generate  the  intermediate  frequency.  Since 
the  mixer  circuit  is  not  electrically  isolated  from  the  cable,  the 
local  oscillator  fundamental  and  harmonics  can  be  readily  conducted 
to  adjacent  subscribers.  The  standard  12  VHF  channels  were  assigned 
in  such  a way  that  the  local  oscillator  fundamental  frequencies  do  not 
interfere  with  the  VHF  channels.  However,  the  local  oscillator  signals 
and  their  harmonics  can  cause  interference  with  mid  and  super  band 
channels. 

Figure  5 illustrates  how  the  local  oscillator  signal  from 
Receiver  No.  1 is  conducted  to  Receiver  No.  2 via  the  subscriber 
drops  and  directional  multitap.  If  the  maximum  allowable  level  of 
coherent  interference  is  -57  db,  and  the  cable  TV  signal  level  is 
+6  dbmv,  the  maximum  allowable  received  local  oscillator  interference 
level  at  Receiver  No.  2 is  -51  dbmv.  If  5 db  cable  drop  loss  is  assumed 
for  each  subscriber,  and  the  tap  port-to-port  isolation  is  20  db,  the 
maximum  allowable  L.O.  signal  level  generated  at  the  terminal  of 
Receiver  No.  1 is  -21  dbmv,  or  80  uv.  This  value  is  similar  to  the 
100  uv  limitation  of  local  oscillator  signal  level  requested  in  the 
NCTA  petition  to  the  FCC. 

Measurements  of  local  oscillator  signal  levels  and  harmonics  at 
the  75  ohm  terminals  of  current  VHF  tuners  indicate  that  the  100  uv 
level  limitation  could  be  satisfied  by  some  tuners,  but  not  by  others. 
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Based  upon  a design  study  conducted  by  a tuner  manufacturer,  it  was 
determined  that  the  proposed  100  uv  limitation  on  local  oscillator 
signal  level  can  be  achieved  by  the  use  of  shielding  and  traps,  at 
some  additional  cost.  Adoption  of  the  100  uv  limi'i  would  control 
only  one  part  of  the  problem  --  new  television  receivers.  However, 
the  interference  produced  by  existing  receivers  in  systems  with  more 
than  12  channels  will  be  a continuing  problem. 

RECEIVER  NOISE  FIGURE  AND  DYNAMIC  RANGE 

Let  us  now  review  limitations  imposed  by  receiver  noise  level 
and  cross  modulation  level  on  overall  receiver  performance. 

During  the  past  several  years,  technical  progress  in  the  design 
of  input  circuits  for  television  tuners  has  resulted  in  improvements 
in  noise  figure.  Ten  years  ago,  noise  figures  in  the  range  10-12  «lb 
were  considered  representative  for  VHF  tuners.  Today,  noise  figures 
in  the  5-6  db  range  are  considered  representative. 

The  tolerable  level  of  noise  present  at  the  picture  tube  can  be 

expressed  as  the  db  ratio  of  video  signal  power  to  noise  power.  Various 

tests  of  the  tolerable  level  of  (S/N)  , _ have  been  conducted. 

picture 

Figure  6 presents  the  results  of  the  TASO  panel  6 tests:  from  this 

figure,  a (S/N) p^cture  = 40  db  results  in  "fine"  picture  quality  for 
a large  percentage  of  the  observers  participating  in  the  TASO  tests. 

It  can  be  shown  that,  for  a "noisy"  video  source,  the  signal  level 
delivered  to  the  input  terminals  of  the  cable  subscriber's  receiver 
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TV  PICTURE  QUALITY,  TASO  PANEL  6 DATA 
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must  be  higher  than  would  be  the  case  for  a noise-free  video  source 
and  a noi6e-frce  receiver.  As  shown  in  Figure  7,  mathematically,  the 
relationships  between  signal,  power  (PSignai)»  receiver  noise  power 
(P^j)  receiver  and  the  overall  signal  to  noise  ratio  of  a noisy  video 
source  (S/N)Video  Carrier  are: 


(S/N) 


Picture 


Cable  Signal 


P„  . „ . + **  Cable  Signal 

Noise,  Receiver  ■ M\  a 

' ■'Video  Carrier 


Figure  8 presents  the  results  of  a computer  run  of  computed  input 

levels  required  at  the  receiver  to  achieve  (S/N)  , = 40  db  as  a 

picture 

function  of  (S/N)VWcq  signal  ratios  38  to  50  db,  and  for  tuner  noi6c 

figures  of  5 db  and  12  db.  The  Video  Carrier  (S/N)  Ratio  includes  all 

sources  of  noise  in  video  signal  generation,  as  well  as  noise  added  by 

the  cable  distribution  system.  In  order  to  achieve  a (S/N)  , = 40  db, 

picture 

the  video  carrier  S/N  ratio  at  the  input  to  the  receiver  must  be  greater 
than  40  db,  and  must  be  delivered  at  a level  appreciably  greater  than 
just  40  db  above  the  equivalent  receiver  noise. 


Examination  of  the  curves  show  that,  for  a (S/N),f,  , „ , =44  db. 

Video  Carrier 

a tuner  with  12  db  Noise  Figure  would  require  a cable  signal  level  of 
-12  dbmv.  It  should  be  noted  that  the  required  signal  level  to  maintain 

a (S/N) Picture  = 40  db  increases  <luite  rapidly  as  (S/N)Vidco  Carrlor 
is  reduced • For  example,  a tuner  with  12  db  noise  figure  would  require 

0 dbmv  signal  level  for  (S/N)Video  carrier  = 41  db* 
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INCLUDES  ALL  SOURCES  OF  NOISE  PRESENT  IN  CABLE 
VIDEO  SIGNAL 


INPUT  SIGNAL  LEVEL  REQUIRED  FOR  40  DB  PICTURE 


USZ/AW8P 


o 


S/N  (dB)  NOISY  VIDEO  SOURCE 


Thus,  the  performance  of  modern  television  receivers  does  not 
appear  to  be  receiver  noise  limited.  The  FCC  requirement  of  0 dbmv 
minimum  signal  level  should  provide  adequate  service  to  cable  sub- 
scribers. 

A series  of  tests  was  conducted  to  determine  the  performance  of 
Magnavox  teleivision  receivers  with  respect  to  cross  modulation  at  high 
signal  levels.  The  tests  utilized  26  cable  channels  operating  at 
equal  levels.  Several  types  of  tuners  were  evaluated;  both  vacuum 
tube  and  solid-state  tuners  were  tested.  Signal  levels  were  varied 
from  0 dbmv  to  +20  dbmv  in  2 db  steps,  and  the  resulting  pictures 
were  evaluated  for  evidence  of  cross  modulation.  Under  these  condi- 
tions, no  observable  cross  modulation  was  detected  at  signal  levels 
up  to  +20  dbmv.  Since  this  signal  level  is  well  above  normal  signal 
levels  delivered  to  cable  subscribers,  we  concluded  that  the  dynamic 
range  of  our  current  tuners  is  adequate  for  operation  on  12  channel 
cable  systems. 

From  the  foregoing  tests,  we  believe  that  no  limitation  in  overall 
performance  is  imposed  by  receiver  noise  level  for  minimum  level  cable 
signals,  nor  by  intermodulation  distortion  for  high  level  cable  signals. 

CONCLUSION 

T;tr  this  paper,  I have  attempted  to  summarize  progress  that  has 
been  accomplished  in  solving  some  of  the  reported  problems  in  operating 
television  receivers  on  cable  systems.  I believe  that  further  progress 


toward  the  goal  of  delivering  the  best  possible  service-  to  television 
viewers,  whether  they  be  served  by  cable  TV  systems  or  by  broadcast 
television,  depends,  to  a high  degree,  upon  industry-wide  understand- 
ing of  the  problems  involved,  cooperation  among  concerned  Government 
agencies,  the  CATV  industry,  and  domestic  television  manufacturers. 

1 believe  that  we  are  experiencing  a good  example  of  this  typo  of 
understanding  and  cooperation  in  the  work  of  the  Frequency  Allocation 
Subcommittee  of  the  IEEE  Coordinating  Committee  for  Cable  Communications 
Systems. 
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dealer,  he  demonstrated  television  sets  to  prospective 
purchasers.  To  this  end,  he  erected  a 70- foot  pole  with 
antennas  on  a high  hill.  From  this  beginning,  he  began 
distributing  and  later  amplifying  these  weak  signals 
with  broadband  boosters;  and,  thus,  the  form  of  CATV 
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as  we  have  it  today  had  its  humble  beginning. 

1.  "A  Documentation  Process  for  CATV  Systems"  - 

Larry  New 

Mr.  New  stated  that  a system  must  mmet  the  following 
documentation  criteria: 

Availability  of  accurate  large-scale  maps  for 
construction.  The  scale  must  .be  large  enough 
to  locate  amplifiers  accurately. 

Smaller  set  of  maps  for  use  by  maintenance  and 
systems  personnel. 

All  maps  must  be  capable  of  accepting  changes 
and  revisions. 

Must  have  originals  to  permit  updating  and 
also  to  make  future  addtional  copies. 

Special  maps  are  used  for  construction  and  these  are 
usually  24  x 36"  and  of  a scale  of  1"  = 200.  Larger  maps 
are  difficult  to  handle,  and  experience  has  shown  that 
this  is  an  optimum  size.  The  next  major  map  is  the 
street  and  strand  map  showing  poles,  streets,  crossings 
and  schools,  apartments  or  other  unusual  drops. 

The  24"  x 36"  maps  are  reduced  50%  for  the  working 
maps.  This  master  is  a "blue  line"  nylon  original  and 
allows  the  working  prints  to  be  able  to  be  economically 
made.  These  reduced  maps  are  placed  in  heavy,  clear 
plastic  to  increase  wearability.  Total  cost  of  one  set 
of  approximately  forty  maps  for  a 150— mile  typical  system 
is  $263;  each  duplicate  set  costs  a total  of  only  $2.50. 

At  this  low  cost,  every  truck  can  be  equipped  with  a com- 
plete set  of  maps,  thereby  facilitating  system  maintenance. 

2 • "Considerations  for.  Transient  and  Surge  Protection  in 
CATV  Systems"  - Deraid  0.  Cummings 

Power  system  surges  are  one  of  the  main  causes  of 
surge  voltages  in  CATV  systems. 

A lightning  stroke  has  typically:  one  to  10  micro- 

seconds rise  time  and  100  microseconds  exponential  decay 
and  are  also  characterized  by  very  high  peak  currents. 
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Surge  voltages  can  be  of  either  polarity.  Most  of  the 
energy  is  low  frequency,  but  the  high  peak  current  results 
inappreciable  energy  for  frequencies  of  16  MHz  and  higher. 
The  resistance  to  ground  or  earth  must  be  as  low  as  possible. 
A one  ohm  ground  resistance  can  have  20  kV  developed  under 
typical  conditions.  System  grounding  is  important  and 
multiple  bonds  help  considerably.  Because  CATV  aerial 
systems  have  pole  lines,  the  upper  lines  take  the  brunt  of 
lightning  surges. 

Fast-acting  voltage  limiters  should  be  used  at  the 
input  ports  to  provide  the  greatest  surge  protection. 

Some  typical  surge  protection  devices  are: 

Silicon  P-N  Junction  Diodes  (provide  limited  surge 
current) 

High  Power  Gas-Filled  surge  Suppressor  (fast  and  has 
high  peak  currents  capability) 

Zenner  Diodes  (intermediate  capacitance,  fast  switching, 
low-surge  current  capability) 

Diac,  Triac  and  SCR  (moderate  power  dissipation) 

Varistors  (metal  oxide  devices  with  voltage  variable 
resistance,  high  capacitance  and  fair  peak  current 
capability 

Thyristors  (silicon  carbide  devices  similar  to 
varistors ) 

Time  Delay  Power  Relays  (during  power  surge,  will  dis- 
connect applied  power) 

3 . "Can  Cable  System  Management  and  Retreaded  Aerospace 
Engineers  Adapt  to  Each  Other?"  - Paul  Robbins 

Mr.  Robbins  presented  his  intriguing  views  on  the 
adaptation  of  Aerospace  Engineers  to  CATV.  With  a fore- 
cast of  some  twenty-five  to  thirty  million  total  subscribers 
by  1980,  the  cable  industry  will  not  be  able  to  develop 
adequately  unless  there  is  a sufficient  pool  of  engineering 
and  technical  manpower  available. 


4. 


"Field  Strength  Monitors,  A Unique  Test  Instrument  for 
CATV"  ~ R.  L.  Douglas 


This  novel  approach  combines  the  functions  of  a field 
strength  meter,  a television  monitor,  and  a video  display 
in  one  portable  instrument.  This  instrument  provides 
the  capability  to  observe  any  interference  in  the  video  or 
audio  TV  signals  while  measuring  the  amplitude  or  strength 
of  these  signals.  This  versatile  instrument  can  be  used  in 
the  lab  to  calibrate  front-end  equipment;  in  the  field  to 
adjust  line  amplifiers;  and  in  the  home  to  demonstrate  the 
quality  of  CATV  signals. 

5 . "Antenna  Site  & Head-End  Selection  Problems  in  Big  City 
CATV  Systems " - Steven  I.  Biro 

Mr.  Biro  discussed  the  problems  peculiar  to  large  city 
head  end  sites.  He  indicated  the  care  needed  to  properly 
determine  the  suitability  of  a site  for  a large  city 
reception  point.  Ghosting  and  interference  are  the  two 
greatest  problems  facing  large  city  reception  locations . 

He  explained  how  ghosts  are  developed  and  cited  methods  to 
determine  the  source  of  the  reflection. 

Finally,  Mr.  Biro  gave  a means  of  examining  the  spectrum 
to  determine  the  source  and  direction  of  interfering  signals 
in  those  cases  where  this  kind  of  problem  is  encountered. 
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A DOCUMENTATION  PROCESS  FOR  CATV  SYSTEMS 
LARRY  D.  NEK 

COX  CABLE  COMMUNICATIONS,  INC. 


Today's  CATV  systems  are  complex  networks  of  specialized 
electronic  equipment  and  cable  --  much  too  complex  to  he 
retained  wholly  in  the  minds  of  the  personnel  responsible 
for  the  system  operation.  A uniform  system  of  documenting 
this  information  must  he  adopted  in  order  to  maintain  a 
CATV  system  under  the  standards  we  operate  with  today. 

To  fulfill  this  requirement,  any  documentation  system 
must  meet  the  following  criteria: 

1.  Accurate,  large-scale  maps  are  needed  for  proper 
system  design  and  to  ensure  correct  placement  of  cable 
and  electronic  equipment  during  construction. 

2.  Smaller  scale,  less  cumbersome,  more  durable 
maps  are  needed  for  everyday  field  use  by  maintenance 
and  installation  personnel. 

3.  The  maps  must  be  readily  adaptable  to  periodic 
changes  and  additions  that  occur  once  the  system  is  in 
operation. 

4.  A permanent  copy  must  be  available  in  storage 
in  the  event  of  accidental  loss  of  the  maps  in  use. 

5.  The  maps  must  be  easily  interpreted  to  prevent 
costly  mistakes  during  construction  and  when  in  operation. 

The  following  system  developed  by  Cox  Cable  Communications 
meets  all  of  the  above  criteria.  It  has  been  proven  on 
the  drawing  board  as  well  as  in  systems  under  construction 
and  in  operation. 

Design  and  Construction  Prints: 

The  maps  used  for  system  design  and  construction  must  be 
on  a scale  large  enough  for  accurate  measurement  and  ease 
of  comprehension,  but  also  of  a size  that  can  be  easily 
handled  by  men  in  the  field.  A map  on  the  scale  of  one 
inch  to  two  hundred  feet  and  a size  of  24"x36"  fulfills 
both  these  requirements. 
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These  maps  are  drawn  in  ink  on  pre-cut,  pre-printed  mylar 
border  sheets  (Fig.  1).  The  use  of  ink  naturally  requires 
a certain  amount  of  additional  time,  but  the  combination 
of  ink  and  mylar  produces  a master  print  of  a ouality  and 
durability  that  easily  compensates  for  this. 

Using  a pre-printed  border  sheet  saves  time  and  allows  the 
inclusion  of  a symbol  key  strip  along  with  each  map.  A 
one-inch  overlap  beyond  the  match  line  on  all  four  sides 
ensures  continuity  into  all  adjoining  sheets.  The  small 
numbers  at  the  intersection  of  the  match  lines  indicate 
the  adjoining  map  numbers.  The  bar  type  scale  at  the 
bottom  was  chosen  to  allow  accurate  measurement  when  the 
map  is  enlarged  or  reduced. 

Street  names,  railroads,  rivers,  poles,  strand,  span  measure- 
ments and  any  other  pertinent  information  is  included  in 
these  maps  to  produce  the  street  and  strand  master  map 
(Fig.  2).  Inexpensive  blue-line  work  sheets  are  printed 
from  this  master  for  use  in  designing  the  electronics 
layout.  At  this  time,  an  erasable  mylar  sepia  second 
master  also  is  printed. 

The  electronics  layout, having  been  completed  in  pencil  on 
the  blue-line  work  sheet, is  now  transferred  in  ink  onto 
the  mylar  sepia  which  becomes  the  electronics  master.  The 
electronics  was  placed  on  the  sepia  rather  than  the  original 
for  an  important  reason.  The  life  of  the  electronic 
equipment  and  cable  is  much  less  than  that  of  the  mylar 
original  and  the  strand  information  shown  there.  At 
some  point  in  time,  the  electronics  and  cable  will  be 
replaced  and  the  existence  of  the  strand  master  free  of 
electronics  will  eliminate  the  need  to  redraw  this  portion 
of  the  maps. 

When  the  electronic  masters  are  completed,  blue-line  work 
prints  of  whatever  number  are  needed  can  be  run  without 
damage  to  the  masters. 

Maintenance  Prints : 

As  a system  progresses  from  the  construction  phase  into 
normal  operation  a different  set  of  maps  becomes  necessary. 
The  original  24"x36'’  blue-line  work  prints  can  be  used  for 
maintenance  and  installation  work,  but  when  used  con- 
stantly from  a service  truck  these  maps  are  difficult  to 
handle  and  their  life  expectancy  is  very  short.  Therefore, 
a smaller,  more  durable  set  of  maps  becomes  very  valuable. 
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These  maps  are  made  by  photographically  reducing  the 
24"x36"  electronic  masters  by  fifty  percent  and  printing 
them  back  on  either  wash-off  mylar  or  cronaflex.  This 
produces  a 12"xl8"  reduced  electronic  master  (Fig.  4). 

From  these  small  masters  any  number  of  very  inexpensive 
blue-line  prints  can  be  made.  These  prints  are  then 
placed  in  a rugged  plastic  binder  (Fig.  5)  which  gives 
them  a life  span  many  times  greater  than  unprotected 
prints.  By  using  this  method  it  is  possible  to  supply 
each  service  and  maintenance  truck  with  a complete 
record  of  the  entire  system. 

As  a bi-product  of  making  the  12"xl8"  reduced  electronic 
masters,  a second  very  valuable  product  is  also  produced. 
The  negative  which  must  be  made  to  accomplish  the  high 
quality  reduction  can  be  stored  in  a vault  or  other  secure 
storage  area.  In  the  event  of  fire  or  other  accident, 
the  negatives  can  be  used  to  reproduce  either  the  24"x36" 
or  the  12"xl8"  masters  thus  saving  considerable  time  and 
expense . 

Updating : 

No  matter  how  accurate  or  costly  any  documentation  system 
may  be,  it  becomes  virtually  worthless  if  it  is  not  kept 
up  to  date.  A regular  program  of  periodic  updating  must 
be  established  and  carried  on.  As  mentioned  previously, 
we  made  24"x36"  erasable  mylar  sepia  electronic  masters 
and  12"xl8"  wash-off  or  cronaflex  reduced  masters.  These 
materials  were  chosen  because  they  accept  changes  and 
additions  very  readily. 

Since  the  trucks  are  now  carrying  the  smaller  size  maps 
it  is  very  inexpensive  to  remove  and  discard  any  sheets 
where  changes  have  occured  and  replace  them  with  new 
updated  copies.  By  doing  this,  system  personnel  will 
always  have  an  accurate  set  of  maps  readily  available. 


The  cost  of  producing  a system  such  as  this  will  vary 
dependent  upon  local  reproduction  cost,  but  the  following 
figures  should  serve  as  a representative  average: 


Cost : 
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24"x36"  Pre-printed  Mylar  Border  Sheet $1.29  each 

24"x36"  Erasable  Mylar  Sepia 1.53  each 

24"x36"  Blue-line  Work  Sheet 19  each 

12"xl8"  Wash-off  Mylar  or  Cronaflex  Reduction 1.85  each 

Film  Negative  Used  in  Making  Reduction 1.65  each 

12"xl8"  Blue-line  Print 02  each 

Custom  Printed  Plastic  Binder  for 

1 2Mxl8"  Prints 1.83  each 


The  total  cost,  excluding  labor,  of  one  complete  set  of 
12"xl8"  maps,  including  binder,  for  an  average  system 
of  150  miles  or  40  sheets  is  $263.03.  This  figure  may 
appear  high  but  the  majority  of  the  cost  is  in  producing 
the  first  set.  Each  additional  set  will  cost  only  $.C2 
per  sheet  for  the  12"xl8”  blue- lines  and  $1.83  each  for 
the  protective  plastic  binders  or  a total  of  only  $2.e3. 

This  method  of  system  documentation  will  provide  the 
necessary  maps  for  all  phases  of  system  operation,  from 
construction  on  through  daily  maintenance  acitivties. 
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ABSTRACT 

Abnormal  operating  conditions  created  by  transients  and  surges 
is  one  of  the  most  common  causes  of  CATV  system  failures.  Be- 
cause Df  the  importance  of  phis  aspect  of  system  operation  much 
work  has  been  done  to  'immunize11  systems  to  lightning  transients 
and  power  line  surges.  * o croDerlv  evaluate  various  protection 
schemes,  the  nature  of  the  cisrurOance  needs  to  be  understood, 
as  well  as  the  physical  behavior  of  the  protection  device. 

This  paper  covers  background  material  necessary  for  understanding 
now  transients  and  surges  enter  and  propagate  in  a transmission 
system,  i he  characteristics  of  selected  protection  devices  and 
their  applications  are  also  ciscusseo. 

INTRODUCTION 

Protection  of  man-made  structures  from  the  effects  of  lightning 
has  reached  a high  state  of  development  since  the  time  of  the 
invention  of  the  '■ranklin  lightning  rod  more  than  200  years  ago. 
Overhead  power  transmission  facilities,  for  example,  have  been 
designed  to  withstand  "direct-nits"  of  lightning.  Unfortunately, 
power  transmission  systems  dc  not  prevent  the  resultant  surge 
voltage  of  a direct-hit  from  Propagating  and  entering  other 
systems  which  can  be  damaged  oy  over-voltages.  Modern  CATV 
systems  are  particularly  vulnerable  to  over— voltages  because 
the  solid  state  devices  used  nave  inherently  low  breakdoun 
voltages  and  low  peak  power  dissipation  capabilities.  Although 
lightning  is  not  the  only  cause  of  surge  voltages  in  CATV 
systems,  it  is,  either  directly  (by  direct-hit)  or  indirectly 
(via  lightning-caused  power  system  transients),  responsible 
for  most  surges.  Power  system  surges  are  also  caused  by 
switching  transients  of  load-sharing,  faults,  and  power  turn- 
on following  an  outage.  It  is  reasonable  to  say,  therefore, 
that  the  main  cause  of  surge  voltages  in  CATV  systems  is  power 
system  surges.  The  optimum  surge  protection  scheme  for  a CATV 
system  depends  on  many  factors.  One  of  the  most  important  is 
geographic  location.  Some  areas  of  the  country  require  much 
more  surge  protection  than  others.  Also  some  parts  of  a system 
are  more  vulnerable  than  others  and  warrant  employment  of  every 
useful  protection  technique. 
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In  the  following  sections  the  characteristics  of  the  most 
common  surges  in  CATV  systems  are  examined,  as  well  as  some 
of  the  more  useful  surge  protection  devices. 

CHARACTERISTICS  OF  SURGES  IN  CATV  SYSTEMS 
1.  Lightning  Transients 

The  characteristics  of  lightning  have  been  studied  in 
detail  over  the  past  50  years  Q.  - 7]  . A "typical" 
lightning  stroke  is  shown  in  Figure  1.  It  is  charac- 
terized by  a risetime  which  ranges  from  less  than  1 jjs 
to  more  than  10  jjs,  fall  time  on  the  order  of  100  jjs, 
and  a residual,  nearly  constant  current  flow  for  100  ms. 
The  peak  current  for  this  typical  stroke  is  20  kA  with 
residual  current  flow  from  20  to  200  A.  About  85%  of 
all  strokes  are  caused  by  electron  flow  from  clouds  to 
the  earth,  hence  a negative-going  voltage  is  produced 
with  respect  to  earth  ground.  (About  15%  of  all 
lightning  strokes  have  charge  flow  in  the  opposite 
direction,  so  positive-going  surge  voltages  must  also 
be  considered.)  Since  the  waveshape  closely  resembles 
an  exponential  pulse,  the  frequency  spectrum  of  a 
lightning  stroke  can  be  approximated  by  the  Fourier 
Transform  of  the  exponential  pulse.  The  power  spectrum 
is  the  familiar  Lorentzian  spectral  shape.  For  a wave- 
form with  fall  time  of  100  jjs  most  of  the  energy  is 
contained  in  frequency  components  below  1.6  kHz.  However, 
the  peak  currents  under  consideration  are  so  large  (^20 
kA)  that  there  is  appreciable  energy  at  frequencies  two 
or  even  three  decades  above  this.  For  a faster  fall  time 
stroke  (say  10  jjs)  the  half  power  bandwidth  is  corre- 
spondingly greater  (16  kHz)  and  there  is  appreciable 
energy  at  frequencies  to  1.6  MHz  and  higher. 

The  single  stroke  lightning  discharge  just  described  is 
the  most  common  lightning  occurrence.  Multiple  discharges 
can  also  occur  and  when  this  happens,  the  waveform  con- 
sists of  a sequence  of  the  single  stroke  discharges 
occurring  about  1/10  second  apart.  For  multiple  strokes 
the  most  common  number  of  strokes  is  six,  although  as 
high  as  40  have  been  observed  C4  3* 

For  protection  against  direct  hits  it  is  clear  that  the 
resistance  to  ground  (R)  from  the  strike  point  must  be  as 
small  as  possible.  This  means  high  quality  ground  bonding 
should  be  used  at  frequent  intervals  along  the  line. 
Fortunately,  most  aerial  CATV  cables  use  utility  poles  for 
support.  They  are,  therefore,  shielded  throughout  most  of 
the  route  by  other  wires  and  cables  and  the  brunt  of  a 
direct  strike  is  usually  borne  by  the  power  system  wires. 

Lightning  strikes  can  cause  current  flow  through  the  cable 
sheath  to  ground  without  actually  striking  the  sheath.  This 
occurs  when  lightning  strikes  close  enough  to  the  cable 
that  an  induced  current  flows  in  the  sheath.  The  magnitude 
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of  this  inductively  coupled  current  is  usually  much  less 
than  from  a direct  hit  since  the  coefficient  of  coupling 
is  low.  The  induced  current  depends  mainly  on  the  stroke 
orientation  with  respect  to  the  line,  as  uell  as  its 
proximity.  The  waveshape  of  the  induced  current  will  be 
similar  to  that  of  the  stroke  itself  but  reduced  in  ampli- 
tude. 

The  main  feature  of  both  induced  and  direct  lightning 
strikes  is  that  they  contain  energy  to  quite  high  frequen- 
cies. Since  this  current  is  conducted  to  ground  through 
the  cable  sheath,  a voltage  difference  which  depends  on 
the  sheath  resistance  to  ground  will  develop  between  the 
sheath  and  center  conductor..  It  is,  therefore,  very 
desirable  to  have  fast  acting  voltage  limiters  at  the  rf 
ports  of  line  amplifiers  to  keep  the  sheath  to  center 
conductor  voltage  within  acceptable  limits.  This  should 
not  be  used  as  a substitute  for  good  grounding,  however, 
since  no  protection  device  is  completely  effective.  The 
better  the  system  grounding,  the  lower  will  be  the  stress 
on  the  system  protective  devices. 

2.  Power  Line  Surges 

The  prime  means  of  introduction  of  abnormal  operating 
conditions  in  CATV  systems  appears  to  be  via  surges  in 
the  powering  system.  Although  lightning  is  responsible 
for  many  of  these  power  line  surges,  the  mechanism  of 
entrance  into  the  CATV  system  is  usually  not  stroke 
induction  through  the  cable  sheath  but  rather  conduction 
through  the  ac  powering  system.  The  powering  system  is 
inherently  low  pass  (more  precisely,  bandpass  from  60  Hz 
to  severaj.  hundred  Hz)  and  since  the  lightning  stroke 
contains  a large  amount  of  low  frequency  energy,  the 
filtered  lightning  surge  will  be  conducted  into  the  rf 
amplifier  housing.  The  most  severe  lightning  surges  are 
those  occurring  uhen  a low  voltage  line  is  struck.  A 20 
kV  surge  on  a 2bQ  k V line  is  barely  felt.  If  the  20  kV 
surge  occurs  on  a 12  kV  line,  the  situation  is  severe  and 
even  worse  when  a 2A0  V line  is  struck,  but  this  rarely 
occurs. 

Power  line  surges  are  also  caused  by  switching  transients 
of  load-sharing,  line  faults,  and  power  turn-on  following 
an  outage.  These  inflict  severe  stress  on  the  CATV  system 
because  they  frequently  involve  over-voltages  of  about 
three  times  normal  for  times  from  1 ms  to  more  than  one 
second.  Protection  from  power  line  surges  can  be  ac- 
complished using  relatively  slow  devices  (e.g.  relays, 
thermal  effects  and  high  capacitance  protectors).  They 
must,  however,  be  able  to  withstand  high  average  power 
dissipation  or  have  a high  enough  breakdown  voltage  (say 
five  times  that  needed  for  normal  operation)  to  enable 
network  decoupling  without  voltage  breakdown. 


318 


CRITICAL  SYSTEM  PROTECTION  POINTS 

Some  critical  points  in  a CATV  system  are  indicated  in  Figure  2. 
From  the  foregoing  discussion  it  is  clear  that  probably  the  most 
important  point  for  system  protection  is  at  the  power  supply 
station.  Here  power  system  surges  can  be  eliminated  before  they 
can  enter  the  coaxial  cable.  A second  critical  point  is  the 
bonding  to  earth  ground.  Frequent,  high  quality  ground  bonds 
will  greatly  reduce  direct  lightning  surge  problems.  Another 
critical  location  is  the  amplifier  station  input  port,  especially 
if  the  input  is  line  powered.  Surges  occurring  from  sheath 
current  flow  must  be  constrained  to  tolerable  limits  at  both  the 
power  supply  input  and  the  rf  ports. 

SURGE  PROTECTION  DEVICES 

There  are  many  surge  protection  devices  now  available  that  can 
be  used  in  various  combinations  to  achieve  a high  degree  of 
surge  immunity.  Some  of  the  more  useful  devices  are  discussed 
below. 

1.  Silicon  P-N  Junction  Diodes 

Relatively  low  capacitance  diodes  (3  pF 
each)  provide  limited  surge  current  capa- 
bility C<0.5  A)  and  only  for  short 
durations  (-'-'l  p s).  However,  transients 
can  be  clamped  with  back-to-back  diodes 
in  2 ns  to  ~+l  V.  This  technique  is  used 
mainly  for  narrowband  amplifier  protection 
and  applications  not  involving  line  power- 
ing. 

2.  Zener  Diodes 


Zener  diodes  have  intermediate  capacitance 
values  (~30  pF  for  1 Id  devices)  and  rela- 
tively fast  switching  times  (^i*D  ns, 
depending  on  junction  capacitance).  They 
have  low  surge  current  capability  (~'0.1  A) 
because  of  their  power  dissipation  limitations. 

Breakdown  voltages  range  from  4 to  200  V and 
zener  diodes  are  frequently  used  to  trigger 
other  devices  which  can  handle  large  surge 
currents  (such  as  SCR's). 

Zener  diodes  can  also  be  used  in  tandem  to 
provide  bipolar  limiting  to  any  voltage  from 
4 to  200  V. 

3.  Miniature  Gas-filled  Surge  Suppressor  [a,  12] 

These  devices  offer  low  capacitance  (~2  pF), 
bipolar  clipping  for  voltages  Z 70  V.  Lower 
breakdown  voltages  are  not  possible  because 
of  the  characteristics  of  Paschen  discharge 
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in  low  pressure  gases.  Gas-filled  surge 
suppressors  have  an  intermediate  response 
time  (^1  ps  turn-on  time).  They  can  handle 
large  current. surges  of  low  duty  cycle 
C^l-S  kA)  for  100  ps  but  do  not  stand  up 
well  under  continuous  current  discharge  over 
20  A.  If  their  discharge  current  is  limited 
to  1-5  A,  they  have  a long  life.  They  are 
useful  for  limiting  peak  voltages  to  +70  V 
or  so. 

4.  High  Pouer  Gas-filled  Surge  Suppressor 

Because  of  their  larger  size  these  devices 
have  higher  capacitance  than  the  miniature 
types. (Capacitance  ~7  pF).  They  have  high 
peak  current  capability  (20  kA)  and  can  with- 
stand correspondingly  higher  continuous 
currents. 

5.  Diac,  Triac,  SCR's 

These  devices  rely  on  external  circuitry 
(resistors  and  zener  diodes)  to  provide 
accurately  controlled  turn-on.  They  have 
moderate  power  dissipation  capability 
(^100  LJ)  and  find  wide  application  for 
power  supply  protection. 

6.  Time  Delay  Power  Relays 

During  a power  surge  these  devices  dis- 
connect the  applied  power.  They  are  slow 
acting  (''■'0.1  to  1 second)  and  can  be 
programmed  to  reconnect  power  after  a 
prescribed  waiting  time. 

7.  Varistor  £9] 

These  are  metal  oxide  devices  that  have  a 
voltage  variable  resistance.  They  have 
high  capacitance  (~1000  pF)  and  fair  peak 
current  capability  (-^1  kA  for  7 ps).  Break- 
down voltages  range  from  ~170  to  1400  V. 

8.  Thyristor,  Thyrector,  Thyrite  [15] 

These  are  mainly  silicon  carbide  devices. 

They  have  high  capacitance  and  good  surge 
current  capability. 

PROTECTIVE  DEVICE  RELIABILITY 

Unfortunately  all  protective  devices  will  fail  if  subjected  to 
stresses  outside  their  design  limits.  It  is,  therefore,  impera- 
tive that  surge  suppressors  be  prudently  used  and  their 
operability  periodically  monitoreu  if  maximum  system  reliability 
is  to  be  achieved. 
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SUMMARY 

The  most  common  and  destructive  surge  in  CATV/  systems  appears  to 
be  those  from  the  ac  power  system.  Many  power  system  surges  are 
associated  with  lightning  but  they  can  also  be  caused  by 
transients  of  switching  and  faults.  Protection  from  direct 
lightning  strikes  is  greatly  aided  by  having  frequent,  high 
quality  grounds  in  the  system.  Additional  protection  is  afforded 
by  voltage  limiting  devices  at  active  station  ports,  especially 
at  the  power  supply  input.  Power  line  surges  are  best  controlled 
at  the  ac  powering  stations.  Since  several  locations  are  usually 
powered  from  one  point,  it  is  economical  to  employ  quite  elaborate 
protection  networks  here.  The  details  of  protection  vary  from 
system  to  system  and  even  from  one  part  of  a system  to  another. 

The  optimum  protection  scheme,  therefore,  must  take  local  con- 
ditions into  consideration,  as  well  as  the  characteristics  and 
cost  of  the  protection  devices. 
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RESUME  OF  PRESENTATION 

Can  Cable  System  Management  and  Retreaded  Aerospace  Engineers 

Adapt  to  Each  Other? 

21st  Annual  Convention  of  the  NCTA 

Paul  H.  Robbins,  P.  E. , Executive  Director 
National  Society  of  Professional  Engineers 


With. respect  to  the  subject  "Can  Cable  System  Management  and 
Retreaded  Aerospace  Engineers  Adapt  to  Each  Other?  ",  I can  only  plead 
for  a rewording  of  the  statement  and  then  an  unequivocal  "yes".  There  is  a 
connotation  of  the  word  "retreaded"  which  is  most  unfair  to  aerospace  engineers. 

NSPE  has  just  completed  a major  study  funded  by  the  Department  of  Labor 
on  the  skills  conversion  of  aerospace  engineers  for  use  in  the  new  priorities  of 
the  nation.  This  study  has  shown  that  the  skills  available  in  the  technological 
field  from  those  with  aerospace  experience  are  usually  transferrable  to  other 
areas  with  a relatively  short  period  of  additional  training  in  the  nomenclature  and 
application  of  the  science  and  math  they  have  used  in  their  previous  employment. 

Unfortunately,  this  study  also  shows  that  there  are  several  commonly 
held  opinions  relative  to  aerospace  technical  personnel  which  are  substantially 
unjustified.  Although  of  course  there  are  examples  which  can  be  found  t"0  prove 
the  "myths",  it  is  grossly  unfair  to  use  these  few  examples  and  generalize  to 
the  total  aerospace  technological  employment. 


ERIC 


325 


These  myths  are: 

(1)  They  will  consider  any  new  assignment  as  temporary  and  if,  and 
when,  a resurgence  occurs  in  the  aerospace  technology  they  will  leave  the  new 
employment  to  go  back.  The  fallacy  of  this  assumption  is  two-fold:  (1)  that 
aerospace  will  be  reactivated  at  anywhere  near  the  level  of  its  previous 
activity;  and  (2)  that  individuals  who  may  accept  a new  direction  for  lheir 
careers  are  not  totally  committed  to  this  change.  No  statistics  are  available 
which  indicate  any  extensive  justification  for  t-his  myth. 

(2)  Because  of  the  nature  of  the  aerospace  work,  all  technical  people 
concerned  with  it  are  not  cost  conscious.  It  is  true  that  the  criteria  of 
aerospace  work  was  first  and  foremost  reliability  but  aerospace  *echnical 
personnel  were  very  conscious  of  the  parameters  within  which  fhey  worked 
and  would  be  equally  conscious  of  cost  parameters  if  this  be  the  requirement 
of  their  new  assignments. 

(3)  Aerospace  technical  personnel  are  too  specialized.  While  it  is 
true  that  the  assignments  to  which  aerospace  engineers  and  scientists  were 
addressing  themselves  perhaps  have  no  immediate  counterpart,  perhaps  in 
new  assignments  80  to  90  percent  of  the  science  and  math^lnatf  cnl'background 
they  were  applying  can  be  easily  transferred  to  similar  requirements  in 
another  line  of  work.  A current  series  of  pilot  projects  being  conducted  by 
the  National  Society  of  Professional  Engineers  is  proving  this  point. 

(4)  They  are  underproductive.  This  is  perhaps  the  greatest  myth  of 
all,  and  perhaps  is  generated  by  the  fact  that  so  many  engineers  and  scientists 
were  utilized  in  this  highly  technical  field.  Those  who  propound  this  complaint 
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oftentimes  come  from  low  technology  areas  where  it  is  difficult  to  conceive 
of  a highly  scientific  activity  requiring  a ratio  of  technical  brainpower  far  in 
excess  of  their  experience. 

(5)  Aerospace  personnel  were  overpaid  and  are  therefore  too  expensive. 
Repeated  salary  and  income  surveys  of  aerospace  personnel  show  them  only 
slightly  above  the  averages  in  the  entire  technical  field.  For  the  most  part 
many  of  these  aerospace  engineers  are  quite  willing  to  accept  assignments 
at  the  going  rate  of  engineers,  which  is  usually  within  close  proximity  to  similar 
work  in  the  aerospace  industry. 

To  revert  to  our  original  question,  projections  for  the  CATV  industry 
indicate  that  you  are  going  to  have  great  need  for  technological  people.  Many 
of  these  will  require  backgrounds  in  the  electronics  and  communications  fields, 
and  even  the  remote  person  from  the  space  industry  is  aware  this  was  a major 
activity  from  which  there  are  many  engineers  available.  CATV  management  would 
do  well  to  look  to  the  displaced  aerospace  engineer  to  provide  a very  essential 
ingredient  for  the  expanded  programs  with  which  they  will  be  faced. 
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FI  FIJ3  3TIOGTH  MOM  I TORS 

A UMIQlir:  TEST  INSTRUMENT  FOR  CATV 

\u  L.  Douglas 
Chief  Engineer 

Hehvick  Douglas  Electronics*  Inc* 
2400  23rd  Street 
Gul  f port  • fvli  ssi  ssippi 


I MTRODIJCT I ON 

A Field  Strength  Monitor  is  a new  and  unique  test  instrument  designed 
especially  for  the  CATV  industry.  A Field  Strength  Monitor  combines 
the  functions  of  a field  strength  meter*  a television  monitor,  and  a 
video  display  in  one  portable  instrument*  The  Field  Strength  Monitor 
can  be  used  to  measure  the  signal  strength  of  any  VHF  or  UHF  TV  signal 
while  observing  the  picture  and  sound  on  the  television  monitor.  This 
provides  the  capability  to  observe  any  interference  in  the  video  or 
audio  TV  signals  while  measuring  the  amplitude  or  strength  of  these 
signals*  The  video  display  provides  an  osci l I oscope-type  look  at  the 
vertical  blanki no  and  sync  pulse*  This  gives  an  indication  of  any 
overloading  or  sync  clipping  in  the  distribution  amplifiers*  This 
versatile  instrument  can  be  used  in  the  lab  to  calibrate  front-end 
equipment}  in  the  field  to  adjust  line  amplifiers,  and  in  the  home  to 
demonstrate  the  quality  of  CATV  signals* 

MODES  OF  OPERATION 


The  Field  Strength  Monitor,  FSM,  has  three  modes  of  operation.  A 
function  selector  switch  on  the  front  panel  is  used  to  select  the 
desired  operating  mode*  When  the  function  selector  is  in  the  TV  mode, 
the  FSM  operates  as  a normal  TV.  This  mode  can  be  used  to  determine 
or  demonstrate  the  picture  and  sound  of  any  VHF  or  UHF  TV  channel.  The 
metering  circuits  are  not  connected  in  this  mode.  When  the  function 
selector  is  in  the  FSM  mode,  the  FSM  operates  as  both  a field  strength 
meter  and  a TV.  The  video  and  audio  carrier  signals  of  any  VHF  or  UHF 
TV  channel  can  be  measured  while  observing  the  picture  and  sound. 

When  the  function  selector  is  in  the  Video  Display  mode,  the  FSM 
displays  the  vertical  blanking  pulse  and  the  vertical  sync  pulse  on 
the  CRT  (picture  tube)*  A block  diagram  of  the  FSM  system  in  the 
FSM  mode  is  given  in  Figure  1.  A similar  block  diagram  of  the  FSM 
system  in  the  Video  Display  mode  is  given  in  Figure  2. 

SYSTEM  CHARACTERISTICS 

The  FSM  can  be  used  to  measure  the  signal  strength  of  any  VHF  or  UHF 
TV  signal  from  30  microvolts  to  3 volts.  A 90  db  attenuator  is 
provided  in  l he  FSM.  The  FSM  will  provide  a usable  picture  on  the 
TV  monitor  with  an  input  signal  of  100  microvolts  or  more.  Any  VHF 
channel  from  2 through  13  can  be  selected  on  a switch  in  the  VHF  tuner. 

The  UHF  tuner  provides  continuous  tuning  from  channel  1 4 through 

channel  H3.  The  input  impedance-  to  the  FSM  is  79  ohms.  The  FSM  has 

a special  compensation  amplifier  circuit  to  insure  that  the  gain  is 
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FIGURE  2 

VIDEO  DISPLAY  MODE 
FIELD  STRENGTH  MONITOR 
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the  same  for  each  channel.  There  are  three  seperate  IF  amplifiers 
in  the  FSM.  One  IF  amplifier  is  used  with  automat i c-gai n-coni rci  for 
the  TV  monitor.  The  other  two  IF  amplifiers  are  used  to  make  field 
strength  measurements.  One  amplifier  is  tuned  to  the  video  IF  frequency 
and  the  other  amplifier  is  tuned  to  the  audio  IF  frequency.  The  use  of 
seperate  video  and  audio  IF  amplifiers  greatly  simplifies  the  tuning 
required  to  make  field  strength  measurements.  Field  strength  measure- 
ments are  made  by  selecting  the  desired  channel  on  the  tuner  and 
adjusting  the  tuner  fine  frequency  control  for  the  best  picture  and  the 
peak  meter  reading.  The  ability  to  observe  the  picture  while  adjusting 
for  a peak  meter  reading  eliminates  the  possibility  of  tuning  to  an 
adjacent  channel  or  a noise  signal. 

SYSTEM  DESCRIPTION 


The  RF  input  connector  on  the  FSM  is  a type  F coax  connector. 

The  attenuator  has  one  10  db  and  four  20  db  attenuation  circuits.  The 
attenuator  has  a 75  ohm  input  and  output  impedance.  This  permits 
direct  measurement  of  TV  signals  on  a 75  ohm  CATV  cable.  The  attenuator 
can  be  used  to  make  field  strength  measurements  from  300  microvolts 
full-scale  to  3 volts  full-scale  in  10  or  20  db  steps.  The  output  of 
the  attenuator  is  connected  to  a VHF-UHF  selector  switch.  This  switch 
connects  the  attenuator  output  signal  to  the  input  of  either  the  VHF 
or  the  UHF  tuner.  This  switch  also  connects  the  unused  tuner  input  to 
ground. 

A special  temperature  compensated  voltage  source  is  used  to  provide 
constant  bias  voltage  to  the  VHF  tuner.  This  insures  a constant  gain 
in  the  VHF  tuner.  A special  wafer  swi  tch  is  mounted  on  the  VHr  tuner 
to  permit  compensation  for  any  variation  in  gain  between  VHF  channels. 
The  VHF  tuner  is  used  as  an  amplifier  in  the  UHF  position.  The  output 
of  the  UHF  tuner  is  connected  to  the  input  of  the  VHF  tuner.  The 
output  of  the  VHF  tuner  is  connected  to  a TV  isolation  amplifier  and 
a normal-special  attenuator. 

The  TV  isolation  amplifier  provides  isolation  between  the  TV  monitor 
and  the  field  strength  meter.  The  output  of  the  TV  isolation  amplifier 
is  connected  to  the  TV  IF  amplifier.  The  TV  IF  amplifier  has  an 
automatic-gain-control  circuit  to  provide  a constant  output  signal 
level  for  a wide  range  of  input  signal  levels.  The  output  of  the  TV 
IF  amplifier  is  detected  and  amplified.  The  resulting  video  signal 
is  connected  to  a video  output  connecter  on  the  FSM.  This  provides 
the  capability  to  observe  the  composite  video  signal  on  an  oscilloscope. 
The  output  of  the  video  amplifier  is  also  connected  to  a video  output 
amplifier,  a sync  seperator  circuit  and  the  audio  IF  amplifier.  These 
circuits  function  as  a conventional  TV  receiver  to  provide  the  TV 
monitor  portion  of  the  Field  Strength  Monitor. 

The  amplifiers  in  the  field  strength  meter  portion  of  the  FSM  were 
designed  to  provide  a full-scale  meter  reading  with  a 300  microvolt 
input  signal.  This  range  is  needed  to  measure  TV  signals  from  antennas 
and  other  low-level  sources.  The  normal -special  attenuator  provides 
10  db  of  attenuation  in  the  normal  position.  This  increases  the  normal 
full-scale  meter  reading  from  300  microvolts  to  1000  microvolts  with- 
out attenuating  the  signal  to  the  TV  monitor. 
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The  compensation  amplifier  provides  a separate  pain  control  for  each 
channel.  This  circuit  is  used  to  compensate  each  VHP  channel  for  any 
variation  in  oain. 

The  output  of  the  compensation  amplifier  is  connected  to  a video 
isolation  amplifier,  an  audio  isolation  amplifier  and  a trap  circuit. 

The  isolation  amplifiers  are  used  to  prevent  any  interaction  between 
the  video  IF  amplifier  and  the  audio  IF  amplifier.  The  trap  circuit 
is  used  to  attenuate  the  video  signal  of  the  adjacent  cliannol  to  prevent 
-xny  interference  v/ith  the  audio  signal  being  measured.  The  video  and 
audio  IF  amplifiers  have  three  insulated -gate  field-effect  transistor 
( MOST ) amp  1 i f i e r c i rcuits.  Parallel  resonant  transformer  coupling 
is  used  between  stages.  The  selectivity  of  the  IF  amplifier  is 
controlled  by  varying  the  Q of  each  stage.  The  AC  load  resistance  of 
each  stage  is  selected  to  obtain  the  desired  Q.  The  audio  IF  amplifier 
is  more  selective  than  the  video  IF  amplifier  because  the  audio  IF 
signal  has  a relatively  narrow  bandwidth.  The  audio  carrier  signal 
level  on  a CATV  system  is  normally  set  12  to  IB  db  below  the  video 
carrier  signal  level  to  reduce  interference.  This  is  another  reason 
the  audio  IF  amplifier  is  more  selective  than  the  video  IF  amplifier. 

Each  IF  amplifier  has  a diode  detector  circuit  to  convert  the  IF 
signals  to  a DC  signal.  The  DC  outputs  of  the  video  and  audio  IF 
amplifiers  are  connected  to  a video-audio  selector  switch.  This 
selector  switch  is  used  to  connect  either  the  video  or  audio  DC  signal 
to  the  input  of  the  meter  amplifier  circuit.  A matched  pair  of  junction 
field-effect  transistors  are  used  in  the  meter  amplifier  to  insure 
temperature  stability.  The  output  of  the  meter  amplifier  is  connected 
directly  to  the  meter.  The  meter  scale  has  two  microvolt  ranges  (0  to 
300  and  0 to  1000  microvolts)  and  one  db  range  (-20  to  0 db).  The 
f ul  1 -scale,  meter  reading  in  db  is  always  equal  to  the  total  attenuation 
selected  in  the  attenuator. 

When  the  FSM  is  used  in  the  Video  Display  mode,  the  detected  composite 
video  signal  is  disconnected  from  the  CRT  by  the  function  selector 
switch  and  the  horizontal  yoke  is  disconnected  from  the-  horizontal  sweep 
circuit.  The  composite  video  signal  is  filtered  with  a low-pass  filter 
to  remove  the  video  information.  The  vertical  blanking  and  sync  pulses 
are  not  filtered  out  of  the  video  signal  by  the  low-pass  filter.  The 
output  of  the  low-pass  filter  is  connected  to  a pulse  amplifier  circuit. 
The  pulse  amplifier  circuit  generates  the  power  necessary  to  drive  the 
horizontal  yoke  with  the  vertical  blanking  and  sync  pulses.  The 
function  selector  switch  also  connects  a special  delayed  pulse  generator 
circuit  between  the  sync  seperator  circuit  and  the  vertical  oscillator 
when  the  FSM  is  used  in  the  Video  Display  mode.  The  delayed  pulse 
generator  delays  the  vertical  sync  pulse  approximately  8 milliseconds. 
This  places  the  vertical  blankinp  and  sync  pulses  in  the  center  of  the 
CRT. 

The  overall  accuracy  of  the  FSM  in  VHF  Normal  is  + 1.5  db  at  25°C.  VHF 
Special  and  UHF  accuracy  is  + 3.0  db.  The  FSM  can  be  operated  from 
either  115  volts  AC  or  12.5  volts  DC. 


OCCLUSIONS 


A Field  Strength  Monitor  is  a unique  CATV  test  instrument  that  can 
be  used  to  accurately  measure  the  field  strength  of  any  VHF  or  UHF 
TV  signal  while  observi no  the  picture  and  sound.  CATV  engineers 
and  technicians  can  use  the  F3M  to  detect  any  noise  or  interference 
in  video  or  audio  CATV  signals*  The  FGM  can  also  be  used  to  observe 
the  vertical  blanking  pulse  and  vertical  sync  pulse.  Antenna 
radiation  patterns  can  be  easily  measured  and  observed  with  this 
instrument.  Three  separate  IF  amplifiers  are  used  to  insure  optimum 
selectivity  and  sensitivity.  Selected  field-effect  transistors  are 
used  to  assure  stability  and  accuracy.  The  ease  with  which  TV 
signals  can  be  measured  with  the  FSM  wi  1 1 significantly  reduce  the 
time  required  to  evaluate  or  service  CATV  equipment.  The  Field 
Strength  Monitor  provides  an  accurate  instrument  to  measure  and 
demonstrate  the  quality  of  a cable  system. 
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ANTENNA  SITE  fc  HEAD-END  SELECTION  PROBLEMS 
IN  BIG  CITY  CATV  SYSTEMS 

STEVEN  I.  BIBO 

B-RO  ANTENNA  & HEAD-END  ENGINEERING 
PRINCETON,  N.  J. 


There  are  at  least  three  schools  of  thought  on  the  success  of  Big 
City  CATV.  One  is  classified  by  pressing  hard  for  two-way  communi- 
cation, emphasizing  the  need  for  customer  oriented  special  services. 
Wall  Street  was  sold  on  this  idea,  and  the  financial  resources  are 
available  in  most  cases  to  invest  and  expand  two-way  communication 
facilities.  No  practical  exp.,  rience  has  proven  or  disproven  the 
impact  of  two-way  communication  yet. 

The  second  group  of  experts  maintain  that  grand  scale  local  origi- 
nation, oriented  toward  local  interests,  local  ethnic  and  political 
groups,  is  the  answer  for  Big  City  CATV. 

Still  a third  group  of  experts  refuses  to  accept  two-way  communica- 
tion and  local  origination  as  the  only  avenues  to  succeed  in  Big  City 
CATV.  They  believe,  and  this  consulting  engineer  is  one  of  them, 
that  while  local  origination  and  two-way  communication  represent 
significant  contributions,  the  majority  of  Big  City  people  will  sign 
up  for  CATV  if  they  experience  off -the -air  reception  difficulties, 
such  as  ghosty  pictures,  RF  or  power  line  interference  problems, 
missing  or  disappointing  color  fidelity,  etc. 

Thus,  the  next  logical  question  is:  Can  CATV  really  offer  better  off- 
the-air  reception  in  3ig  Cities?  All  parties  must  agree:  if  we  do 
not  ascertain  ghost  and  interference  free,  true  color  fidelity  pic- 
ture at  the  head-end,  the  source  of  all  cable  signals,  then  the 
quality  will  not  be  improved  after  cascading  25  or  U5  mainline  ampli- 
fiers. 

Selection  of  the  proper  antenna  site,  meaningful  recommendations  for 
the  height  and  structure  of  antenna  tower,  size  and  configuration  of 
the  antenna  arrays,  can  make  or  break  any  Big  City  CATV  system. 

Before  any  head-end  site  is  considered  for  lease  or  purchase,  a sig- 
nal survey  should  be  performed.  Through  a signal  survey,  and  only 
through  an  on-site  signal  survey  will  the  engineer  be  in  the  position 
to  make*  recommendations  based  on  actual  picture  quality  and  inter- 
ference observations,  not  available  through  computer  runs  or  theoret- 
ical signal  strength  speculations. 
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THE  PREPARATION 


Before  leaving  for  a signal  survey,  it  is  good  engineering  practice: 

a.  To  perform  a paper  study 

b.  To  prepare  a signal  direction  sheet 

c.  To  calibrate  and  check  the  test  instrumentation. 

The  need  for  a paper  study  may  not  be  that  obvious  for  a Big  City 
survey,  but  it  is  a comfortable  feeling  to  have  all  technical  data, 
program  information,  distances  and  bearings  available  at  your  fin- 
gertips. This  will  enable  the  survey  engineer  to  concentrate  on 
testing,  while  spending  less  time  searching  for  data  and  informa- 
tion. 

The  preparation  of  a Signal  Direction  Sheet  may  eliminate  the  con- 
tinous  and  time  consuming  search  for  stations,  and  in  a single  0°to 
360  rotation  all  TV  stations  could  be  surveyed  and  properly  recorded. 

AT  THE  SURVEY  SITE 


Hourly  video  and  sound  carrier  level  recordings  on  distant  stations 
are  in  order.  However,  there  is  no  reason  to  make  hourly  interval 
readings  on  local  channels;  their  strength  will  show  no  significant 
change  during  the  period  of  signal  survey. 

Three  day  is  the  minimum  recommended  survey  time  for  any  Big  City 
signal  survey,  but  a 5 day  survey  could  produce  even  more  reliable 
results.  A single  day  survey  may  lead  to  over-optimistic  or  over- 

pessimistic  conclusions  about  picture  quality,  noise  and  interference 
problems . 

Checking  of  a single  site  is  false  economy.  Only  several  surveyed 
sites  will  permit  the  engineer  to  match  engineering  requirements  with 
financial  or  zoning  restrictions,  when  evaluating  survey  results. 

Constant  picture  quality  and  interference  observations  are  the  most 
important  survey  objectives  of  any  Big  City  Survey.  For  these  obser- 
vations the  use  of  a big  screen  color  TV  receiver  is  mandatory. 
Ghosting  and  smearing  of  the  picture,  color  distortions,  the  presence 
of  interference  signals  are  readily  visible  on  a large  picture  tube 
color  set.  Double  shielded  cable  from  the  test  antenna  will  reduce 
direct  pick-up  problems.  A well  balanced,  grounded  balun  at  the  an- 
tenna terminals  of  the  monitor  receiver  will  further  reduce  direct 
pick-up  problems. 

4°  ^ -n° Log-Periodic  antenna  is  ideal  for  survey  purposes. 

tobef  SS®1®  n?  ant6nna  exhi*its  e°od  directivity,  (single  main 
lobe),  will  yield  a minimum  of  6 dB  gain  on  low-band  and  more  than 

dB  gam  on  high-band,  while  maintaining  small  back  and  sidelobe 
conditions • 
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ANALYZING  AND  TESTIUG  GHOSTING  CONDITIONS 

Ghosting  is  one  of  the  most  troublesome  off-the-air  picture  inter- 
ference in  any  Big  City  CATV.  In  order  to  perform  meaningful  mea- 
surements, to  determine  the  nature,  the  source  and  the  severity  of 
ghosting,  to  conduct  certain  tests  for  their  reduction  or  complete 
elimination,  it  is  essential  to  clarify  what  are  the  parameters 
determining  the  strength  (severity)  and  nature  of  ghosting. 

Vertical  (ground)  reflection  conditions  are  influenced  by  the  fol- 
lowing factors : 

a.  The  transmitting  antenna's  radiation  pattern. 

b.  The  vertical  path  profile  between  the  transmitter  and  the 
receiving  antenna. 

c.  The  reflection  coefficient  of  the  ground. 

d.  The  receiving  antenna's  radiation  pattern. 

Most  TV  transmitting  antenna  radiation  patterns  are  omnidirectional 
in  the  horizontal  (E)  plane.  However,  in  the  vertical  (H)  plane, 
the  patterns  show  considerable  directivity  (FIGURE  1).  Radiation 
into  the  direction  of  the  reflecting  ground  surface  may  be  signif- 
icant or  well  attenuated,  depending  on  the  vertical  radiation  pat- 
terns of  the  TV  transmitters.  This  is  one  reason  why  several  TV 
transmitters,  operating  from  the  same  antenna  structure,  do  not 
generate  the  same  ghosting  conditions. 


OMNIDIRECTIONAL  PATTERN 


HIGHLY  DIRECTIVE  PATTERN 


HORIZONTAL  (E)  PLANE 


VERTICAL  (H)  PLANE 


FIGURE  1 


> 
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To  determine  the  location  of  possible  ground  reflection  points  it 
is  necessary  to  construct  a scale  drawing  of  the  vertical  path 
profile  between  the  transmitting  antenna  and  the  surveyed  CAT V 
site,  showing  the  exact  ground  contours.  This  is  best  accom- 
plished by  using  the  fg  or  15  minute  U.S.  Geological  Survey  Maps 
for  that  area.  The  distance  and  elevation  data  obtained  from  the 
maps  could  be  plotted  to  form  a vertical  profile  by  using  range - 
in-feet  and  elevation -in -feet  above  sea  level  measurements  for 
the  two  ordinates. 

The  reflection  coefficient  of  the  ground  depends  on  surface  rough- 
ness, type  of  soil,  moisture  content  of  the  soil,  vegetation 
growth,  frequency  of  transmission,  weather  and  season.  It  is  also 
a function  of  the  grazing  angle,  the  angle  between  the  incoming 
signal  and  the  surface . 

The  ground  reflection  coefficient  is  a complex  number,  having  a 
certain  magnitude  and  phase,  as  described  by  the  following  mathe- 
matical expression: 


where:  ^ - The  ground's  reflection  coefficient  for  horizontal 

polarization 
U>  = The  grazing  angle 

ft=  The  relative  permittivity  of  the  ground 
(5*  = The  conductivity  of  the  ground. 

In  view  of  the  many  variables  and  unknown  quantities  above  the 
accurate  prediction  of  reflection  intensity  is  difficult.  On  the 
other  hand,  an  accurate  scale  drawing  of  the  vertical  path  can  make 
the  vertical  reflection  point's  determination  feasable  (FIGURE  2). 


TRMSH% 


FIGURE  2 
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The  distance  of  the  reflection  point  from  the  receiving  antenna  nay 
be  calculated  by: 

hr( 

a.  - ~r.  — 

Ht  + hr 

where  R = Specular  reflection  point 
<f,  = Angle  of  incident  ray 
= Angle  of  reflected  ray. 

By  definition  £ is  the  point  where 

The  vertical  sidelobe  structure  of  the' test  antenna  may  also  have 
significant  influence  on  ground  reflections.  This  is  exemplified  by 


FIGURE  3,  illustrating  the  effect  of  the  receiving  antenna  radiation 
pattern  on  the  strength  (amplitude)  of  the  reflection.  While  reflected 
signal  No.  2 may  suffer  35  to  40  dB  attenuation  due  to  the  null  in 
the  vertical  radiation  pattern,  reflected  signal  No.  1 will  have  only 
a 20  dB  attenuation  due  to  the  fact  that  it  is  being  picked  up  by  one 
of  the  sidelobes. 

EXAMPLE 


An  on-the-site  signal  survey  performed  for  Fort  Lee,  New  Jersey  re- 
sulted in  the  observation  of  vertical  ghosting  conditions  on  Channel  5. 
New  York. 


Pertinent  site  and  propagation  information  data: 


Height  of  receiving  site 
Height  of  CATV  antenna 
Distance  to  Channel  5 transmitting  site 
(Computer  calculated) 

Height  of  Channel  5 antenna 


250'  ASL 
550'  ASL 
6.35  miles 
(33,600  feet) 
1330'  ASL 


O 
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A signal  path  profile  was  constructed  based  on  information  obtained 
from  a 7^  minute  U.S.  Geographical  Survey  Map  (FIGURE  4). 


SMTf 


FIGURE  4 


FIGURE  4 clearly  shows  that  a significant  portion  of  the  propagation 
path  runs  over  the  reflecting  surface  of  the  HUDSON  RIVET;.  The  lo- 
cation of  the  reflection  point  was  constructed  and  found  very  close 
to  theQNew  Jersey  side  of  the  river.  The  grazing  angle:  was  measured 
as  5-2  . Vertical  stacking  of  antennas  to  produce  a first  null 

was  not  feasable  under  existing  antenna  site  conditions.  However, 
movement  of  the  antenna  away  from  the  edge  of  the  roof  resulted  in 
considerable  improvements:  a portion  of  the  roof  shielded  the  re- 
flection spot  while  permitting  undisturbed  propagation  of  the  direct 
signal. 

Note : The  vertical  scale  on  this  figure  has  been  distorted  versus 

the  horizontal  scale,  thus  the  reflection  angles  are  considerably 
magnified. 

REFLECTION  CALCULATIONS 


The  reflected  signal,  whether  it  is  a vertical  or  horizontal  reflec- 
tion, must  always  negotiate  a longer  path  than  the  direct  signal. 
Therefore,  the  reflected  signal  will  be  delayed.  Any  horizontal 
displacement  on  the  TV  screen  is  directly  related  to  the  time  delay, 
which  in  turn,  can  be  converted  to  path  length  differences  between 
the  reflected  and  direct  signals.  TABLE  1 is  a tabulation  of  cal- 
culated time  delays  and  delay  paths  as  a function  of  horizontal 
displacement  and  screenwidth.  Delay  path  is  defined  as  the  differ- 
ence (in  feet)  between  the  reflected  and  direct  path. 


339 


14"  SCREEN 

TIME  PATH 

DELAY 

17"  SCREEN 

TIME  PATH 

DELAY 

20"  SCREEN 

TIME  PATH 

DELAY 

1/4"  GHOST 
1/2"  GHOST 
1"  GHOST  ! 
j 2"  GHOST 

1.14* sec  1125’ 
2.28  i*sec  2250’ 

! 4.57  ^sec  4500’  j 

J 

: 9.14  ^sec  9000 • | 

\ i 

0.93  y*sec  920' 

I.87  psec  1840' 

3.74  y<sec  3680' 

| 7.48  /isec  7360' 

* 1 

0.8  ^sec  783' 
1.59y»sec  1565' 

3.18  ytsec  3130' 

6.36  «sec  6260'  i 

/ 4 

TABLE  I 


The  next,  and  just  as  important  type  of  reflection  is  the  horizon- 
tal or  side-reflection,  vnich  could  be  generated  by  a number  of  re- 
flecting objects  anywhere  in  the  Horizontal  plane.  The  loci  of 
possible  side-reflection  points  of  a given  displacement  form  an 
ellipse,  with  the  transmitting  and  receiving  antennas  in  the  focal 
points  (FIGURE  5'. 


The  equation  of  the  ellipse  is: 


where  •'(  and  y are  the  coordinates  of  any  point  on  the  ellipse, 
is  the  major  and  lb  the  minor  axis  of  the  ellipse. 


2 a 


*s 


FIGURE  5 
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Substituting  ct  and b in  the  equation  with  Tj>  (Direct  signal  path) 
and  7r  (Reflected  signal  path)  as  the  major  and  minor  dimensions, 
FIGURE  5,  the  new  equation  will  be: 

X*  . S'- 


EXAMPLE 


= 1 


The  construction  of  the  reflection  ellipse  is  illustrated  by  the  in- 
formation obtained  during  the  HICKSVILLE,  New  York  signal  survey. 


We  measured  a horizontal  displacement  of  2"  on  a 14"  wide  TV  screen, 
representing  9 microseconds  in  time-delay,  or  o,  000'  in  path  differ- 
ence (?r  -?j>)  between  reflected  and  direct  signal  path.  The  computer 
calculated  distance  between  the  transmitter  and  receiving  antenna 
site  was  found  =23,7  miles  = 124,136  feet.  Thus,  the  reflected 

signal  path  should  be: 


Pr  =>  Tj>  + °0{>  - /$3  , /S6  fiett 

The  major  axis  of  the  reflection  ellipse  is:  Cl  ° 


P, 

L 


U,  ^8  feet 


J 1 


7 


1 
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On  FIGURE  6,  the  reflection  ellipse  is  transferred  to  the  pertinent 
section  of  the  HICK5VILLE  7|‘  minute  topographical  nap.  Note  that 
the  ellipse  cresses  a watertank  located  at  30  Azimuth  from  the  sur- 
vey site.  Reflections  were  generated  by  this  watertank.  This  has 
been  proven  by  rotating  the  survey  antenna  into  the  direction  of 
this  watertank.  The  2"  ghost  became  strong  and  clear.  With  other 
words,  while  the  main  lobe  of  the  test  antenna  was  receiving  the  re- 
flected signal  the  direct  signal  became  strongly  attenuated  by  the 
limited  side -lobe  pick-up  of  the  survey  antenna,  resulting  in  a 
ghost  dominated  picture.  The  measured  and  calculated  reflection  in- 
formation provided  the  basis  for  straight  forward  horizontal  array- 
stacking information  in  order  to  achieve  protection  against  ghosting. 

INTERFERENCE  SURVEY 


RF  interference  may  occur  anywhere  in  the  CATV  frequency  spectrum, 
and  the  problem  of  checking  for  its  presence  and  intensity  is  many- 
fold.  The  old  approach  has  been  to  tune  a Signal  Level  Meter  through 
its  frequency  range,  searching  for  interference  signals.  However, 
the  need  for  frequent  band-switching,  changing  of  meter  scales,  cali- 
bration of  the  meter  with  varying  frequencies,  and  last  but  not  least, 
the  constant  concern  that  short  period  transmissions  were  missed, 
made  the  SLM  process  tedeous  and  unreliable. 

For  RF  interference  surveillance  work  the  spectrum  analyzer,  with 
its  fast  sweep  over  a wide  or  very  narrow  spectrum,  less  than  1 mic- 
rovolt sensitivity,  60  to  70  dB  dynamic  range  presentation  is  a far 
superior  instrument.  Better  quality  spectrum  analyzers  provide  a 
continous  visual  coverage  of  the  RF  spectrum  up  to  1200  MHz,  they 
exhibit  all  signals  amplitude  and  frequency  calibrated,  easily  dis- 
tinguishing small  and  large  (60  dB)  signals  next  to  each  other. 

This  is  a very  important  feature  compared  to  the  400  to  600  kHz  band- 
width (between  half  power  points)  specifications  of  Signal  Level  Me- 
ters which  make  those  instruments  unusable  for  the  measurements  or 
even  observation  of  closely  spaced  interference  signals.  Meanwhile, 
the  spectrum  analyzer  can  zoom  in  and  display  (investigate)  a very 
narrow  portion  (5  kHz)  of  the  spectrum  with  great  precision  and  clar- 
ity. 

Two-way  communication  traffic,  CB  and  amateur  communication  are  usu- 
ally intermittent  type  of  transmissions.  If  they  generate  undesired 
harmonics  falling  into  the  frequency  range  of  our  interest,  the  ampli- 
tude and  frequency  of  these  transmissions  can  be  reliably  determined 
with  the  aid  of  a spectrum  analyzer. 

AM  and  FM  transmitters  may  also  radiate  spurious  signals^  or  their 
strong  carriers  could  overload  preamplifiers  and  converters.  Again, 
a spectrum  analyzer  will  exhibit  desired  and  undesired  signals  si- 
multaneously, and  amplitude/frequency  calibrated  permitting  fast 
and  reliable  recording  of  interference  conditions. 
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Pcwerline  (AC)  noise  should  he  first  observed  on  the  screen  of  the 
monitor  receiver  as  random  white  spots,  or  wide  bands  of  lines  moving 
up  or  down » Again,  the  spectrum  analyzer  will  not  only  demonstrate 
which  of  the  channels  suffer  the  most  of  AC  noise,  but  the  amplitude 
of  the  fast  moving  pulses  could  be  read  in  dB,  thus  establishing  a 
firm  level  of  existing  AC  interference  conditions. 

TIPS  FOR  A SUCCESSFUL  ON-SITE  SURVEY 


* DO  NOT  settle  with  a single  site  survey.  That  might  be  false  eco- 
nomy. Only  several  surveyed  cites  will  provide  the  option  of 
matching  engineering  requirements  vith  financial  limitations. 

* DO  your  homework  before  starting  an  on-site  survey.  Computer  runs, 
local  maps,  7i>  or  15  minute  series  topographic  maps,  signal  direc- 
tion sheets  should  be  at  your  fingertips  at  the  start  of  the  sur- 
vey. 

* DO  NOT  spend  your  time  taking  hourly  signal  level  readings  cn  the 
local  stations  if  you  are  within  a 15  to  00  mile  radius  of  tne 
transmitters.  Their  video  and  audio  carriers  (within  that  distance) 
will  be  solid  like  a rock. 

* DC  spend  some  time  observing  peculiarities  of  the  environment. 

This  visual  observation  should  include  tall  buildings,  billboards, 
watertanks,  high  voltage  transmission  lines,  neon  signs,  industrial 
plants,  AM-FM  transmitting  bowers,  two-way  communications  antennas, 
etc.  You  may  find  an  excellent  correlation  between  the  observed, 
picture  quality  irregular -ties  and  the  geographical  location  of 
the  reflection  or  noise  sources. 

* When  you  CAN,  arrange  for  "he  participation  of  the  future  CATV 
operatdr  or  his  representatives  on  the  last  day  of  the  survey. 

This  will  permit  you  to  get  them  acquainted  with  actual  picture 
quality  conditions  demons orating  some  of  the  experienced  reception 
problems . 

There  is  no  written  scenario  for  a Big  City  Signal  Survey.  No  two 
signal  surveys  are  alike . A well  documented  survey,  conducted  by 
experts,  may  bring  considerable  financial  rewards  for  the  Big  City 
CATV  operator. 


343 


HIGHLIGHTS 
TECHNICAL  SESSION 

TWO-WAY  SYSTEM  EXPERIENCE 

Chairman 

Rex  Bradley 
Telecable  Corporation 
Norfolk,  Virginia 

Speakers 

James  Dixon 
Telecable  Corporation 
Norfolk,  Virginia 

Ken  Chamberlain 
Reston  Transmission  Company 
Reston,  Virginia 

Edward  D,  McCormick 
Community  Information  Systems 
Jonathan  Village  Center 
Chaska,  Minnesota 

Ralph  P,  Gabriel 
Rediffusion  International  Ltd. 

London,  England 

Richard  T.  Callais 
Theta  Com 

Los  Angeles,  California 
Reporter 

Donald  G.  Chandler 

Electronic  Industrial  Engineering,  Inc. 

North  Hollywood,  California 

1 • "The  Real  World  of  Two-Way"  - James  Dixon 

The  prime  thrust  of  the  paper  was  directed  towards 
the  complexity  of  building  two-way  systems;  that  the  RFI 
problems  are  severe  in  the  5-35  MHz  spectrum.  There 
are  a large  number  of  RFI  emitters  in  this  frequency 
band.  He  indicated  that  the  areas  that  primarily  provide 
RFI  access  to  the  system  were  as  follows: 
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a.  At  the  TV  receiver. 

b.  Into  the  drop  cable. 

c.  Taps  and  system  distribution  cable. 

d.  At  the  connectors. 

e.  Amplifier  housing  connector  interface. 

There  are,  however,  solutions  to  preventing  RFI 
from  entering  the  system.  Among  these  are: 

a.  RFI  tight  connectors  - with  stainless 
steel  sleeves  and  chromeric  "O"  rings. 

b.  Improved  drop  cables  - aluminum  1 mil 
wrap  with  braid. 

c.  High  pass  filters  incorporated  into 
balun  at  the  TV  receiver. 

Other  considerations  in  a two-way  system  are: 

a.  The  need  for  maintenance  personnel  and 
test  equipment  to  maintain  the  reverse 
system. 

b.  Segmenting  of  the  design  of  the  system 
because  of  noise  considerations  and  to 
to  ease  the  problem  of  troubleshooting. 

c.  System  levels  in  reverse  must  be  kept 
high  in  order  to  provide  adequate  signal 
to  noise. 

Despite  the  additional  problems  that  are  encountered 
in  a two-way  system,  when  proper  attention  is  paid  to 
system  design,  system  materials,  and  system  construction, 
good  two-way  systems  can  be  built. 

2 . "Multi  Purpose  Frame  Grabbing  Interactive  Experiments 

at  Res  ton"  -•  Ken  Chamberlain 

The  system  at  Res ten  has  about  4,000  homes  and  62% 
penetration.  The  system  used  is  a dual  cable  plant  in 
the  downstream  direction  and  utilizes  a third  cable  for 
the  upstream  transmission.  The  two-way  experiments  are 
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a joint  effort  of  the  Reston  Transmission  Company  and 
Mitre  Coporation.  The  interactive  television  system 
developed  by  Mitre  is  called  Ticcit  for  time-share, 
interactive,  computer-controlled  information  television. 
An  acoustic  coupler  via  the  telephone  lines  is  used  for 
the  reverse  or  upstream  link.  A movie  depicting  the  tests 
was  shown,  and  is  a very  impressive  audio  and  visual 
presentation  of  the  services  that  have  been  provided  for 
the  test.  The  bulk  of  the  services  appeared  to  be  of  an 
information  retrieval  type. 

3 • "Cable  Television:  A Community  Information  System 

at  Jonathan"  - Edward  D.  McCormick 

At  Jonathan  and  the  surrounding  community,  tests 
are  being  conducted  in  an  attempt  to  define  the  cable 
communications  system  of  the  future.  The  U.S.  Department 
of  Housing  and  Urban  Development  (HUD)  is  financing  the 
program.  Socialogical  as  well  as  system  evaluations  are 
being  conducted  concurrently.  The  information  that  is 
derived  from  the  tests  will  be  available  to  the  public, 
since  it  is  publicly  funded. 

4 • "Two-Way  Experience  With  Dia 1-A-Program  At  Dennis 

Port"  - Ralph  P.  Gabriel 

The  Dia  1-A-Program  S-^s  tern  as  applied  at  Dennis  Port, 
Massachusetts  was  discussed.  The  sub  low  band  is  exclu- 
sively used  for  video  transmission  to  the  subscriber  in 
the  3 to  9 MHz  band  and  all  video  carriers  are  phase 
locked.  Each  subscriber  is  connected  to  the  central 
exchange  by  means  of  two  balanced  pairs  in  a multi  pair 
cable  called  a Quist.  The  larger  pair  can  be  utilized 
up  to  16  MHz,  which  permits  up  to  2 video  channels  on 
one  cable.  The  smaller  pair  can  be  used  for  bandwidths 
up  to  3 MHz.  A system  will  be  installed  at  the  Health 
Sciences  Communications  Center  of  Case  Western  Reserve 
University  at  Cleveland,  Ohio,  in  the  near  future. 

5.  "SRS  El  Segundo  Interim  Test  Report"  - Richard  T. 

Richard  T.  Callais 

The  two-way  tests  utilizing  the  Theta  Cable  System 
in  El  Segundo,  California  are  scheduled  to  start  sometime 
this  summer.  The  SRS  System  has  undergone  extensive 
laboratory  tests.  The  test  results  to  date  indicate  a 
substantially  error-free  perfomance  even  in  the  presence 
of  excessive  thermal  noise.  There  are  a number  of  con- 
figurations of  terminal  units  that  will  be  interfaced 
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with  the  computer  processing  center.  One  of  the  terminal 
units  is  used  in  conjunction  with  a paper  tape  cartridge. 

The  timetable  is  to  commence  the  test  with  30  proto- 
type  SRS  terminals,  and  will  be  continued  and  extended 
with  the  production  and  installation  of  1,000  pre-produc- 
tion terminals  starting  at  the  end  of  1972.  The  30  term- 
inal tests  will  be  of  a technical  nature,  and  the  1,000 
terminal  test  phase  will  include  actual  sale  of  the 
services . 
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THE  REAL  WORLD  OF  TWO-WAY 


J.  I.  Dixon,  Director  of  Engineering,  TeleCable  Corporation 


Most  of  you  here  today  will  be  building  and  operating 
two-way  cable  systems  very  soon,  if  you  are  not  already  doing 
so.  There  is  a great  deal  of  information  available  on  two- 
way  systems  in  general  as  well  as  on  specific  applications 
as  proposed  by  various  vendors.  However,  in  the  experience  of 
TeleCable,  building  and  operating  two-way  is  not  quite  as 
simple  as  most  of  what  you  hear  and  read  might  lead  you  to 
believe.  So,  today  1 would  like  to  talk  very  briefly  about 
what  we  have  learned  in  building  and  operating  a two-way  system. 

TeleCable  installed  a two-way  system  utilizing  EIE 
two-way  amplifiers  and  an  interactive  system  conceived, 
designed  and  built  by  Vicom  Manufacturing  Company  of  Dexter, 
Michigan.  This  equipment  provides  us  the  flexibility  and 
capability  of  testing  and  evaluating  almost  every  conceivable 
type  of  two-way  service. 

While  there  are  many  considerations  in  providing  such 
services  as  shopping  at  home  and  education  to  home  — bound 
students,  due  to  tine  limitations,  I will  only  talk  about 
interference  and  maintenance  considerations. 

Most  of  you  have  probably  heard  at  least  a rumor  that 
two-way  systems  have  experienced  some  interference.  Well, 
it's  not  a rumor.  It's  a very  real  problem  that  must  be 
dealt  with.  Most  two-way  gear  has  been  designed  to  utilize 
the  5-35  MHz  frequency  band.  Unfortunately,  this  band  is 
also  utilized  by  many  kinds  of  over  the  air  services.  These 
include  amateur  radio,  commercial  short-wave  radio,  WWV 
broadcasts,  teletype  transmission,  citizens  band  services, 
as  well  as  business  radio  services. 

All  of  these  signals,  which  are  of  both  local  and  distant 
origin,  to  some  degree  do  get  into  cable  systems  that  have  been 
built  using  present  day  construction  practices.  There  are  many 
variables  that  determine  how  objectionable  these  interfering 
signals  will  be  in  your  particular  situation.  However,  I suspect 
that  for  most  cable  operators,  it  will  be  necessary  to  take 
additional  steps  to  prevent  these  signals  from  getting  into  the 
cable  system.  It  is  convenient  to  classify  the  actual  means  by 
which  these  interfering  signals  are  introduced  into  the  CATV 
system  into  three  general  categories.  These  are  (1),  the  TV 
receiver,  (2)  the  drop  cable,  and  (3),  the  cable  system  itself. 

So  let's  consider  these  in  that  order. 
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All  of  you  are  quite  familiar  with  ghosts  caused  by 
the  direct  pick-up  of  the  off-air  TV  signal.  The  TV 
receiver  is  also  a very  good  receiver  for  signals  in  the 
5-35  MHz  band.  Signals  as  high  as  0 dbmv  in  this  band  have 
been  measured  at  the  TV  set  antenna  terminals  and  sometimes 
as  high  as  +10  or  +20.  One  might  hope  that  the  amplitude 
and  phase  of  these  signals  as  picked  up  by  each  TV  set  would 
be  sufficiently  random  that  they  wouldn't  add.  Unfortunately, 
this  doesn't  seem  to  be  true.  What  this  means  of  course  is 
that  the  TV  set  must  be  isolated  from  the  cable  system  in  the 
5-35  MHz  band.  The  easiest  way  of  doing  this  right  now 
seems  to  be  with  a filter  that  only  passes  frequencies 
above  50  MHz. 

The  next  item  to  be  considered  briefly  is  the  drop  cable. 

Our  experience  at  TeleCable  has  indicated  that  the  ordinary 
braided  shield  drop  cable  acts  as  an  excellent  receiving 
antenna  in  the  5-35  MHz  band.  In  the  experience  of  TeleCable, 

there  seemed  to  be  two  types  which  had  the  best  isolation. 

One  had  an  8-10  mil  thick  aluminum  wrap.  The  other  cable 

had  a 1 mil  aluminum  foil  on  each  side  of  a mylar  or.  polypropylene 

base,  braid  and  then  foil  again.  Both  types  of  cables  have 

their  respective  disadvantages  so  that  actually,  TeleCable 

does  not  use  either  one  of  these  cables  right  now.  A good 

compromise  solution  for  us  seems  to  be  a cable  that  has  a 

1 mil  aluminum  foil  on  each  side  of  a mylar  or  polypropylene 

base  with  a 40-60%  braid  over  this.  However,  since  there 

are  many  variables  involved  that  haven't  been  mentioned, 

I would  recommend  that  you  make  your  own  tests  before 
committing  yourself  to  any  one  type  of  drop  cable.  Once  you  have 
selected  a cable  you  must  decide  on  the  type  of  fitting  to  be 
used  and  whether  it  should  go  over  or  under  the  A1  wrap.  This 
is  rather  critical  since  as  much  as  20  db  reduction  in  signal 
pick-up  lias  been  observed  after  replacing  improperly  installed 
connectors.  And  no  matter  what  type  of  cable  you  select,  you 
will  find  that  the  isolation  is  not  necessarily  uniform  from 
reel  to  reel  of  cable  or  even  throughout  a particular  reel 
of  cable.  It  appears  at  this  time  that  you  will  have  to 
measure  the  pick-up  in  your  drop  cable  after  installation  and 
replace  the  fittings  or  cable  as  appropriate.  Again,  since  I 
cannot  cover  all  the  possibilities,  I recommend  that  you 
evaluate  these  factors  with  respect  to  your  own  particular 
si tuat i on  . 


In  the  cable  system  itself,  our  experience  to  date  indicates 
that  if  amplifiers,  taps,  splitters  and  the  like  meet  RF 
radiation  requirements,  they  will  also  provide  adequate  RF 
susceptibility  performance  in  the  5-35  MHz  band.  The  major 
problem  seems  to  be  in  what  I call  the  ca b 1 e - c on nec t or-hous J ng 
interface.  There  are  as  many  theories  about  this  as  there 
are  cable  operators  and  equipment  manufacturers.  It  seems 
that  what  works  in  one  area  or  for  one  cable  operator  does 
not  do  as  well  elsewhere.  Therefore,  I can  only  highlight 
briefly  some  of  the  considerations  that  we  have  found  to  be 
critical  and  indicate  what  has  worked  for  us. 

One  of  the  decisions  that  you  must  make  is  between  a 
connector  that  is  designed  to  be  tightened  until  it  reaches 
the  end  of  its  tiiread  range,  or  bottoms  out,  and  a connector 
that  has  a much  greater  thread  range  which  requires  a torque 
wrench  or  similar  device  to  properly  tighten  it.  If  one 
considers  only  the  manufacturers  specifications  on  the  connector 
and  the  cable,  one  would  probably  prefer  the  connector  which 
bottoms  out  since  this  greatly  simplifies  installation.  However, 
at  least  one  major  connector  supplier  maintains  that  they 
received  so  many  complaints  concerning  their  connectors  which 
were  designed  to  be  tightened  until  they  bottomed  out  not 
making  good  connections,  that  they  started  providing  connectors 
with  a greater  thread  range.  Testing  by  TeleCable  has  confirmed 
that  indeed  something  does  go  awry  somewhere  between  the 
manufacturers  specifications  and  the  cable  and  connector  that 
is  actually  installed  in  your  system. 

There  are  a number  of  possible  explanations.  As  you 
all  know,  cable  is  subject  to  ou t -o f -r oundne s s which  will 
not  necessarily  be  corrected  by  tightening  of  the  connectors. 

Cable  is  also  subject  to  temperature  effects  and  cold  flow. 

With  respect  to  temperature  effects,  it  has  generally  been 
assumed  up  until  now  that  the  radial  or  axial  expansion  and 
contraction  of  cable  is  negligible.  However,  tests  performed 
by  TeleCable  indicate  that  this  radial  expansion  or  contraction 
may  be  quite  significant.  And  lastly,  but  perhaps  most 
importantly,  the  installation  process  itself  is  a possible  culprit. 

Apparently,  as  a result  of  some  of  these  problems,  many 
connector  suppliers  now  offer  stainless  steel  sleeves 
as  an  option.  While  the  sleeves  themselves  are  not  expensive, 
they  can  significantly  increase  your  installation  costs  due 
to  the  additional  time  required  to  insert  them.  Another 
option  being  offered  by  some  connector  suppliers  is  a 
conductive  "0"  ring.  Hopefully,  this  would  insure  a low 
RF  impedance  through  the  connector.  This  "0"  ring  is 


relatively  expensive  but  there  would  be  no  additional 
installation  costs.  However,  it  seems  possible  that  the 
apparent  cable  0.  D.  variations  we  have  been  speaking  of 
up  to  now  could  also  reduce  the  effectiveness  of  these 
devices.  Other  alternatives  that  might  not  be  so  dependent 
on  cable  O.D.,  would  be  a conductive  lubricant  or  a con- 
ductive water-proofing  compound  or  some  type  of  ferrite 
ring  designed  to  absorb  energy  in  the  5-35  MHz  frequency 
band. 

Actually,  while  TeleCable  continues  to  test  these  options 
for  effectiveness,  we  have  not  yet  found  it  necessary  to  use 
any  of  them.  At  this  time,  we  have  found  that  the  following 
will  provide  us  with  a tight  system.  (1)  A careful,  conser- 
vative matching  of  connector  and  cable  specifications,  (2) 
extra  time  and  effort  during  installation  and  (3)  extra 
attention  to  overall  quality  control. 

The  other  area  that  I wanted  to  touch  on  briefly  today 
is  maintenance.  Two-way  in  a cable  system  is  not  a little 
extra  that  can  be  handled  in  the  spare  time  of  your  regular 
cable  technicians.  You  should  think  of  the  reverse  system 
as  a second  cable  system  which  must  be  staffed  accordingly. 

In  addition  to  the  cable  system,  you  will  usually  have 
some  type  of  terminal  equipment  at  the  subscribers  which 
you  will  either  have  to  maintain  or  arrange  for  a service 
contract  with  the  firm  that  supplied  it.  In  addition  to 
this,  there  will  be  some  kind  of  central  control  and 
processing  equipment.  Quite  often,  this  involves  a very 
sophisticated  computer.  Again,  you  will  either  have  to 
train  additional  technicians  to  take  care  of  this  equipment 
or  arrange  for  some  kind  of  service  contract  with  the 
company  that  supplied  you  with  this  equipment.  Also 
computers  seem  to  insist  on  being  told  what  to  do.  Most  of 
you  who  are  familiar  with  computers  will  agree  that  you 
quickly  find  changes  that  you  want  to  make  once  you  get 
into  operation.  You  will  want  to  add  or  delete  subscribers 
or  add  or  delete  information  that  you  provide  or  have  it 
provided  in  a different  form  or  expand  its  capabilities.  This 
means  changes  in  what  is  known  as  the  software.  Now  soft- 
ware can  be  much  more  expensive  than  hardware  initially. 

But  more  importantly,  changes  to  software  can  be  very  expensive 
and  time  consuming.  If  you  have  a large  operation,  then 
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you  will  want  to  provide  your  own  progamming  capability. 

If  you  only  have  a small  operation,  be  sure  to  ask  who 
is  going  to  make  these  changes,  how  nucli  it  will  cost  and 
how  much  time  it  will  take. 

Maintenance  of  the  reverse  cable  itself  can  present 
some  rather  interesting  problems.  At  first  you  will  probably 
not  have  signals  on  the  whole  system  all  the  time  as  you  do 
in  the  case  of  the  forward  system.  In  all  likelihood,  you 
will  have  fairly  long  sections  that  do  not  have  any  kind  of 
reverse  system  subscribers.  What  this  means  of  course  is  that 
you  can't  just  pick  up  a FSM  and  go  make  a quick  check  on  the 
operation  of  your  reverse  system.  Even  where  you  do  have 
subscribers  whose  terminals  are  being  sampled  every  30  seconds 
or  so,  as  in  most  2-way  systems,  you  might  still  have  a problem. 
Let  s say  you  are  trying  to  find  out  how  many  people  are 
watching  channel  2.  How  do  you  know  the  difference  between 
no  response  because  (1),  someone  not  wa  telling  channel  2,  (2) 

the  TV  set  and/or  terminal  equipment  is  off,  or  (3)  because 
there  has  been  a failure  in  the  reverse  cable  system. 

Many  of  you  may  have  to  obtain  test  equipment  that  you 
haven't  needed  up  to  now.  Some  of  it,  sucli  as  spectrum 
analyzers, are  quite  expensive.  Also  if  you  do  not  want 
to  go  into  subscribers  homes  to  send  signals  back  for 
reverse  system  testing  you  may  want  to  provide  some  type  of 
van  with  appropriate  test  equipment  and  power.  The  type  of 
testing  and  maintenance  schedule  that  you  set  up  will  probably 
depend  in  part  on  whether  or  not  you  can  correct  the  failure 
in  the  reverse  system  without  interfering  with  or  otherwise 
affecting  your  subscribers  that  are  on  the  forward  system. 

This  is  something  you  should  look  at  carefully  before 
committing  yourself  to  a particular  type  of  system. 

Actually,  I suspect  that  you  will  find  your  greatest 
problem  in  the  maintenance  of  the  reverse  system  is  in  the 
control  of  interference.  To  locate  the  source  of  interference 
could  be  quite  a problem  if  you  have  two  or  three  hundred 
miles  of  system  in  operation.  Thus,  it  is  highly  desirable 
that  your  system  be  segmented  in  some  way,  much  as  most 
suppliers  suggest  that  you  do  for  control  of  noise  or  noise 
bui 11-up.  Thus,  in  a hub  system,  you  could  quickly  isolate 
the  source  of  interference  to  a particular  spoke  of  your 
hub.  However,  this  can  still  leave  quite  a significant 
amount  of  system  in  which  to  locate  the  source  of  the  interfering 
signals.  Even  in  one  particular  spoke  of  a hub,  there  can  be 
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many,  many  connectors,  drop  cables,  and  TV  sets  to  check. 

One  way  to  locate  the  source  of  interfering  signals  is  to 
disable  sections  of  the  reverse  system.  Since  most  of  the 
systems  we  are  talking  about  do  involve  some  kind  of  computer, 
it  seems  that  the  ideal  long  range  solution  is  to  build  some 
means  into  the  amplifiers  to  turn  them  on  and  off  remotely 
with  the  computer.  In  the  meantime,  you  will  probably  want 
to  disable  the  reverse  amplifiers  manually.  Actually,  if 
possible,  you  will  probably  find  it  very  desirable  to  keep 
most  of  the  reverse  system  disabled  when  you  are  not  using  it. 

Tii is  will  greatly  simplify  tiie  task  of  finding  the  cable 
section  tiiat  is  causing  the  interference.  There  is  another 
benefit  to  this  too.  Keeping  local  radio  services  such  as 
hams  out  of  the  cable  system  can  be  a major  task.  Thus,  it 
would  simplify  your  operations  if  the  area  that  the  ham  is  in 
is  disabled  in  the  reverse  direction  when  you  are  not  using  it. 
Of  course,  if  you  are  providing  a relatively  limited  bandwidth 
service  such  as  digital  only,  you  might  chink  that  all  you  would 
have  to  do  is  select  a frequency  that  isn't  in  the  ham  band 
and  you  wouldn't  iiave  any  trouble.  That  may  or  may  not  be  true. 
It  is  possible  for  ham  signals  to  get  into  amplifiers  and 
generate  many  beats.  Although  there  is  net  time  to  go  into 
it  today,  required  signal  levels  have  not  received  sufficient 
attention  with  respect  to  operation  of  the  reverse  system. 

But  that  must  be  the  subject  of  another  talk  at  another  time. 

Today,  I have  highlighted  briefly  two  particular 
areas  that  you  should  consider  in  building  and  operating 
a two-way  system.  If  you  are  to  use  the  5-35  MHz  band, 
special  measures  must  be  taken  to  prevent  the  introduction 
of  undesired  signals  into  the  cable  system.  Maintenance 
of  tiie  reverse  system  requires  a full  staff,  possibly  some 
specially  trained  technicians,  and  some  careful  planning 
ahead  before  you  build  the  system.  There  are  many  other 
considerations  which  we  have  not  been  able  to  go  into;  one 
which  I mentioned  very  briefly  at  tiie  end  was  levels. 

Two-way  is  not  just  a nice  little  extra  that  you  get 
practically  for  free.  It  is  a complete  system  in  itself 
with  its  own  special  problems  wiiich  require  a system 
engineering  approacii. 

I iiope  I have  not  discouraged  you  about  two-way. 

We  at  TeleCable  are  still  very  enthusiastic  about  it  and 
are  proceeding  with  furtiier  experiments  and  testing. 

Recently,  we  have  successfully  used  our  two-way  system  to 
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enable  the  local  schools  to  cablecast  a mock  Republican 
and  Democratic  National  convention  and  election.  Very 
soon  nurses  in  local  nursing  homes  will  have  complete 
two-way  video,  audio  and  digital  communication  capability 
with  doctors  in  a local  hospital.  Two-way  works.  It  is 
just  that  two-way  must  be  given  the  same  careful  attention 
and  thought  as  your  forward  system  is  presentlv  given. 
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KULT IPURFGLE  FRAME  GRABBING  INTERACTIVE  EXPERIMENTS 

K.  Vv.  Chamberlain,  V.  P.  of  Reston  Transmission  Company 
A Division  of  Television  Communications  Corp. 


I would  like  to  preface  my  talk  tftis  morning  with  a quo- 
tation from  o speech  given  this  year  at  the  Southern  CATV 
Convention  by  Mr.  Alfred  Stern,  president  of  TVC;  "V.ith 
our  industry's  rapidly  advancing  tecr.no logy , metro-cable 
systems  will  soon  be  fully  capable  of  making  the  sub- 
scriber home  the  central  point  in  a.  total  communications 
grid. " 

In  a few  minutes  you  will  see  a film  of  the  computer 
demonstration  in  Reston  which  vill  dramatically  illustrate 
vhnt  I believe  Mr.  Stern  is  referring  to. 

But  first,  a few  words  about  Reston  and  our  cable  system: 
(See  figure  1)  Reston  is  a new  planned  city  located 
PC  miles  vest  of  Washington,  D.  C.  "hid:  -ill  have  ;X , 000 
living  units  by  lc)b 0.  Currently  tnere  are  about  4000  homer, 
of  which  1 2&  are  cable  subscribers. 

v.e  presently  have  fifty  miles  of  Qua  1 underground  plant 
with  a capacity  of  40  channels.  On  the  A system  we  are 
carrying  5 network  channels,  P independent  channels,  one 
educational  cnannel  all  from  Washington  snd  our  local 
origination  channel.  On  the  B system  v.e  offer  three  net- 
work channels  from  Baltimore,  a weather  channel  and  a 
nevs/stock  channel.  Fourteen  FM  radio  stations  are  also 
carried  on  both  A and  B systems.  We  are  providing  limited 
tvo-v;ny  service  from  the  village  centers  back  to  the 
head-end  by  a third  cable  which  is  used  primarily  i’or 
live  program  origination.  The  final  element  in  our  plan- 
ning for  future  requirements  was  to  bury  a six  pair  tele- 
phone cable  with  t;ie  trunk  and  distribution  system. 

Cur  management  vs s approached  by  the  Mitre  Corporation  i r: 
January  1971  to  participate  in  a cooperative  experiment 
in  interactive  television  by  providing  the  use  of  one  of 
our  available  channels.  Incidentally,  they  are  a non- 
profit research  and  systems  engineering  firm  whose  work 
is  sponsored  by  various  governmental  agencies  and  found- 
ations . 

The  plan  was  to  microwave  the  output  of  two  on-line  com- 
puters located  eight  miles  away  in  McLean,  Virginia,  to 
our  head-end  where  the  signal  would  be  transmitted  on 
channel  7 to  ail  subscribers.  (Lee  figure  P)  Lince  the 
subscriber  already  has  s good  display  device  in  his  TV 
set  and  the  return  path  via  his  telephone,  we  only  needed 
to  add  « control  box  and  a frame  grabber  to  complete  the 
home  terminal. 
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The  film  we  are  about  to  see  shows  the  type  of  terminal 
operation  we  have  been  testing  in  Heston  since  June  of 
last  year.  This  particular  film  was  produced  at  the 
studios  of  WETA-TV  in  Washington,  D.  C.  for  use  by  the 
Puolic  Broadcasting  Service. 

The  demonstration  is  introduced  by  the  co-developer  of 
the  system,  Mr.  Kenneth  Stetten,  an  information  scien- 
tist for  the  Mitre  Corporation. 

Film  Synopsis 

The  16-mm  color  film  runs  for  22  minutes,  and  consists 
of  a live  demonstration  of  the  Rest  on- type  home  terminal 
equipment  being  used  to  interact  with  a distant  computer 
producing  assorted  suscriber-services  examples.  Kenneth 
J.  Stetten,  co-inventor  of  the  system  for  Mitre,  intro- 
duces Jack  Marsey,  his  associate,  who  then  conducts  the 
system  demonstration. 

Seen  in  the  various  close-up  and  general  views  are  a 
home  television  set  with  a video  tape  recorder  and  con- 
trol box  on  top,  and  a regular  dial  telephone  with 
touch-tone  adapter,  all  being  operated  by  the  demon- 
strator. (See  figure  3) 

Upon  completing  a telephone  call  to  the  distant  computer 
facility,  the  first  page  of  a "Services  Directory" 
appears  on  the  TV  screen.  The  directory  lists  such  ser- 
vices as  "Desk  Calculator",  "Educational  Materials",  and 
"Medical  Information"  and  the  keys  to  be  pressed  on  the 
touch-tone  pad  to  obtain  access  to  them.  This  keyboard 
method  of  response  to  the  computer  is  called  the  "Private" 
or  "Interactive"  mode  of  terminal  operation. 

The  "Desk  Calculator"  is  selected  and  appears  as  a five- 
line  "grid"  of  number  spaces  with  a column  of  control 
functions  for  various  arithmetic  operations.  Numerals 
snap  into  grid  positions  as  they  are  entered  by  the 
keyboard.  Numbers  are  instantly  added,  subtracted, 
multiplied,  and  a square  root  extracted.  This  calculator 
program  not  only  shows  a useful  home  service,  but 
emphasizes  the  advantages  of  digital  (pulse  form)  data 
storage  over  analog  (picture  form)  storage.  It  takes 
less  storage  space  in  computer  memory,  and  enables  full 
machine  capacity  for  logical  computation  (arithmetic 
here)  on  data  before  sending  back  displays  to  the  user. 

As  an  example  of  information  retrieval,  a list  of  "Com- 
munity Organizations"  located  in  the  town  of  Reston  is 
next  called  up.  Various  text  informational  pages  are  dis- 
played on  demand  from  the  keyboard,  by  typing  page  numbers, 
"next  page",  "previous  page",  or  "index"  pages.  This  pro- 
gram illustrates  the  "random  access"  capability  of 
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computer-control  led  digit:?]  aM.fi  storage.-. 

"Educatbnn.1  Materials"  are  typified  i r.  the  form  of  an 
arithmetic  sequence  called  "Carry".  Pro'el orr.s  in  .--ad  tion 
ere  of re red  on  the  TV  screen,  and  when  a correct  M.sver 
is  typed  in,  the  display  shows  the  correct  answer  in 
proper  position  and  the  word  "Correct"  alongside.  A 
wrong  answer  draws  a "Ko  ’•J-ry  Again"  print-out  on  the 
screen.  On  the  second  consecutive  wrong  typed- in  anser, 
the  computer  reveals  the  correct  solution  on  the  display. 
Repeating  a given  page  of  problems  results  ir:  a a i lie  rent 
set  of  random  numerals  substituted  in  the  same  problem 
structures. 

By  keyboard  control,  several  sections  of  the  course  are 
skipped  over  to  get  to  the  actual  "carry"  sequence.  A 
two-digit  problem  07  + £5  ih  the  example)  requiring 
carrying  a "one"  over  to  the  left  column  is  done  first  in 
three  partial  additions  to  avoid  carrying  over.  Then  the 
idea  of  writing  the  "one"  over  the  left  column  of  digits 
is  graphically  developed,  enabling  the  learner  to  grasp 
the  mechanics,  and  drill  on  random-nuir.be r carry  problems 
repeatedly.  A "fil 1-in-the-bl anks"  type  format  is  next 
shown.  Then,  the  computer  is  asked  for  a score-on  this 
section,  and  instantly  displays  the  number  of  correct 
and  total  tries  with  a percentage  grade.  Shown  in  this 
program  is  just  an  essence  of  the  instructional  power  of 
"CAI"  (computer  assisted  instruction). 

A "Tax  Guide"  for  IRS  Form  1040  is  glimpsed  from  the 
"Financial  Information"  service  list.  In  this  sequence, 
the  subscriber  can  selectively  obtain  help  on  any  portion 
of  the  form  that  he  wishes,  without  having  to  "thumb 
through"  the  intervening  explanatory  material.  This  pro- 
gram is  an  example  of  the  many  kinds  of  reporting  and 
application  forms  that  are  adaptable  to  computer  pro- 
gramming for  user  aids. 

How  a housewife,  whose  child  has  sipped  some  kerosene, 
is  helped  is  iBCt  illustrated  by  calling  up  "Kedical 
Emergencies"  from  the  main  services  directory,  then 
"Poison",  and  then  "Gasoline-Kerosene"  to  see  the  correct 
antidote.  The  two-way  capability  is  exercised  in  another 
way  by  "notifying"  the  nearest  hospital  via  computer  of 
the  pending  arrival  of  the  sick  child. 

Additional  services  are  shown  under  "Medical  Information" 
in  which  a list  of  nearby  doctors  is  quickly  found,  and 
even  more  detailed  information  displayed.  An  appointment 
with  a doctor  is  made  through  the  computer-managed  central 
memory . 

The  second  page  of  the  main  services  directory  is  keyed 
and  lists  such  items  as  "System  Instructions",  "News 
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professional  doctors*  services  is  offered  with  such  i tests 
• ;s  "Communicnbl*-  i.1; souses  he.vumo" , "bmp  infoimv-ti or:”  , and 
"uohoc u : *-d  Appointments" . 


V.hen  "boned  u ied  Appointments”  for  "Tod *■  y"  i;r  exnrni  ned , the 
s-ppoi nt stent  m-‘ce  earlier  under  "iaecical  infornj&t  i on"  is 
listed,  a 1 ong  v. i th  others.  Appointments  for  a future  date 
are  also.  sho-n. 


A concept  of  electronic  .11  del  ivory  is  novel  oped  by 


c>  111  r: 
biroct 
d i sp ! r. 
viour.l 
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or  ,:er 
"pnld" 
charge 


g for  ".Sail"  fror:;  the  second  page  of  tne  "Priv.wt 
o ry".  A list  of  items  :>v-ilnbL«?  for  delivery  are 
yod , these  messages  presumably  having  been  pre- 
y typed  into  central  storage  by  the  senders.  A 
J letter  is  selected,  read,  ana  tner;  "released" 
• sea".  A dentist’s  bill  for  services  Is  shown  and 
electronic  lly,  using  the  subscriber's  personal 
.account,  or  bank  identification  number. 
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Tne  tej e phone  is  hung  up  and  tne  terminal  placet:  into  the 
"bub lie"  mode  of  operation  by  a control  box  switch  (top 
of  TV  set).  A series  of  up  to  ;‘0()  popular  information 
pages  can  be  dialed  by  the  “subchannel " selector  switch 
on  the  controller,  such  services  as  a public  program 
directory,  baseball  score  board , stoc.-:  reports,  fishing 
reports,  racing  form  consensus,  classified  ads,  TV  list- 
ings, voter  registration,  bus  schedules,  recycling  in- 
formation, recent  book  arrivals  at  the  library,  and  a 
senool  lunch  menu  arc  selected.  Even  though  a one-way 
type  of  cable  service,  this  mode  shows  that  hundreds  of 
informational  sub-channels  may  be  effectively  supplied 
> i tni n a single  TV  channel  space,  with  aid  of  a frame- 
grabber-. 


The  controller  is  then  changed  to  show  the  "raw"  time- 
division  multiplexed  signal  (no  frame-grabber  operating) 
fleshing  by  nt  bO  fields  per  second.  The  vertical  hold 
of  the  TV  set  is  displaced  to  show  the  vertical  blanking 
bar  in  mid-screen,  preceded  by  n fast-changing  line  of 
bright  dashes  which  is  the  lb-bit  binary  "address"  code 
which  identifies  each  of  the  following  fields  of  data. 

(See  figure  4)  This  code  is  normally  masked  off  a t the 
bottom  of  the  screen,  keeping  it  invisible,  but  enables 
selective  frame-grabbing  under  control  of  an  address  de- 
coder in  the  control  box.  This  feature  not  only  enables 
the  user  to  manually  select  "Public"  subchannels,  but  in 
"Private"  mode,  a special  address,  unique  to  e&cr.  terminal  , 
is  activated  so  that  the  interactive  computer  responses 
will  be  frame-grubbed  only  b.y  the  subscriber  terminal 
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requesting  trie  in.  (Fils  concluded  at  this  point.) 


Gince  the  introduction  of  the  system  at  the  NCTA  con- 
vention in  Washington,  D.  C.  last  year,  nearly  1500 
people  ir  ve  attended  the  demonstrations,  representing  the 
general  public,  educators,  the  government  sector  and  many 
ol  the  major  equipment  manufacturers. 

Following  each  demonstration  the  participants  were  asked 
to  complete  a questionnaire  to  assist  us  in  developing 
some  ideas  on  the  potential  demand  for  these  services  and 
the  extra  amount  they  would  be  willing  to  pay  for  each  of 
the  six  groups  of  services. 

The  tabulated  results  of  this  survey  showed  the  following 

1.  would  pay  an  average  of  SI. 70  per  month  for  the 

one-way  services,  i.  e.  weather  reports,  TV  list- 
ings, bus  schedules. 

r . 75*>  would  pay  an  ?iverage  of  60g  per  month  for  a 
calendar  of  community  events. 

3.  3 3#  would  pay  an  average  of  28g  per  month  for  a 
personal  address  and  telephone  listing. 

4.  40;»  would  pay  an  average  of  63$  per  month  for  a 
personal  stock  profile  on  their  own  portfolios. 

!3.  7^5»j  would  pay  an  average  of  $4.13  per  month  for 
the  home  calculator. 

6.  9 3#  would  pay  an  average  of  $1.33  per  computer 
hour  for  computer-aided  instruction  courses  in 
algebra,  French,  car  repairs  and  others. 

The  Heston  demonstration  has  achieved  three  main  object- 
ives: it  has  contributed  to  widespread  interest  in  two- 
way  interactive  TV  among  manufacturers  and  cable  opera- 
tors; Government  planning  groups  have  been  made  more 
interested  in  the  social  impact  and  public  service 
possibilities;  finally,  the  technology  has  been  shown  to 
be  here  and  ready,  even  though  further  refinement  of  the 
system  is  needed  to  effect  cost  reduction  and  improve  the 
packaging  of  the  hardware. 

1 would  like  to  conclude  this  talk  by  outlining  three  of 
the  current  goals  for  this  system:  first,  in  Reston  ex- 
periments will  be  conducted  with  low  cost  two-way  video 
communications  (similar  to  picture  phone)  which  will  use 
one  TV  channel  for  several  dozen  simultaneous  face-to- 
face  calls.  Second,  the  Reston  interactive  system  twill  be 
expanded  beyond  the  "sterile"  laboratory  type  experiment 
by  putting  terminals  in  homes  to  get  unbiased  reactions 
to  the  whole  idea  of  interactive  TV  services.  These 
reactions  are  essential  in  the  development  of  marketable 
software.  Finally,  a similar  system  will  be  installed  in 
a junior  college  where  computer-aided  instruction  courses 
will  be  tested. 
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HOME  TERMINAL  COMMUNICATIONS  LINK  COMPUTER  FACILITY 


FIGURE  3 
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CABLE  TELEVISION:  A COMMUNITY  INFORMATION  SYSTEM  AT  JONATHAN 

E . D . McCormick 
President 

Community  Information  Systems,  Inc. 


At  Jonathan,  Minnesota  today,  people  are  using 
"Responsor"tm  units  as  part  of  a demonstration  of  what 
the  two-way  cable  system  can  offer.  This  demonstration 
is  made  possible  through  a grant  from  the  U.S.  Department 
of  Housing  and  Urban  Development  to  Community  Information 
Systems,  Inc.  We  all  know  that  the  general  public  has 
little  or  no  idea  of  what  two-way  cable  into  their  homes 
will  really  mean.  None  of  us  knows  the  full  potential. 

We  do  know  that  by  putting  the  "Responsor " tm  units  in 
the  hands  of  enough  people  and  inviting  them  to  use  the 
units  to  tell  the  system  what  they  want,  we're  going  to 
expand  their  vision  of  how  cable  communications  can  more 
fully  serve  their  needs,  and,  in  the  process,  we  in  the 
industry  are  going  to  become  much  wiser  as  to  the  wants 
and  needs  to  be  fulfilled. 

One-way  television  broadcasting  and  one-way  CATV 
systems  have  taught  the  public  to  expect  little  in  the 
way  of  response  from  their  television  sets.  Nicholas 
Johnson  surprised  them  with  his  book,  How  to  Talk  Back 
to  Your  TV  Set;  talking  back  was  a new  idea  to  most  viewers. 
However,  now  in  a much  more  immediate  way  with  two-way 
amplifiers,  and  terminals  capable  of  sending  and  receiving 
subscriber  signals,  we  are  entering  the  era  of  two-way  cable 
systems  when  information  systems  will  be  offered  on  a 
massive  scale.  The  demonstration  system  at  Jonathan  is 
perhaps  the^first  to  so  thoroghly  break  through  the 
stereotypes  of  one-way  broadcasting,  enabling  the  individual 
to  think  more  vividly  in  terms  of  what  he  can  ask  for  from 
this  two-way  medium.  There  is  no  substitute  for  the  hands- 
on  experience  that  we  offer  them.  No  verbal  description, 
no  slides,  no  movies  will  give  a person  as  deep  an  impression 
as  he  gets  from  actually  using  the  equipment  the  Community 
Information  Systems  now  has  available  to  the  public  in  the 
new  town  of  Jonathan  in  the  City  of  Chaska,  Minnesota. 

Jonathan  is  a planned  community  on  5,000  acres  about 
25  miles  southwest  of  Minneapolis  (Figure  1)  . Within  15 
years,  Jonathan  will  probably  be  the  home  of  at  least  50,000 
people  with  15,000  subscribers  to  the  two-way  cable  system. 
Communication  is  being  carefully  planned  in  Jonathan  and 
will  play  a vital  role  in  the  development  of  this  new  town. 
For  example,  the  educational  system  in  Jonathan  can  take 
a completely  new  form  with  new  methods  of  teaching.  Health 
care  delivery  can  be  made  more  immediate,  serving  greater 
numbers  of  people  more  efficiently. 
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In  Jonathan,  the  cable  television  network  is 
redefined  as  a Community  Information  System  where  the 
conventional  concept  of  television  entertainment  plays 
but  a small  part  of  community  services  to  be  provided. 

This  Community  Information  System  will  be  a configuration 
of  men,  machines,  methods,  data,  and  facilities  designed 
to  satisfy  the  informational  needs  of  the  community. 

In  such  a system,  men  and  machines  combine  to  perform  the 
function  data  communications,  processing,  storage,  and 
display  associated  with  the  inquiries  and  delivery  of 
information  to  the  subscribers.  This  interchange  of 
information  takes  place  for  purposes  relating  to  education, 
cultural  interchange,  health  care  delivery,  religion, 
business,  recreation,  and  many  others. 

In  creating  and  developing  the  Community  Information 
System  in  Jonathan/Chaska , the  existence  of  four  major 
forces  must  be  recognized  due  to  their  influence  on  the 
types  of  services  which  mav  be  offered: 

I 

• Technical  Forces  / 

• Economic  Forces  / 

• Legal/Political  Forces 

• Socio-cultural  Forces 

The  technical  and  economic  forces  were  the  significant 
forces  when  CATV  first  entered  rural  areas.  Today  there 
are  also  certain  limitations  on  the  technical  capabilities 
in  terms  of  the  advancement  into  the  two-way  cable  field 
as  to  what  is  feasible  as  well  as  economically  practical 
to  provide.  Since  we  are  considering  "the  right"  to 
information,  economic  divisions  must  be  designed  to  give 
this  information  to  all  income  levels  and,  at  the  same 
time,  maintain  a profitable  company. 

When  the  CATV  industry  moved  into  the  urban  environment, 
the  legal/political  forces  became  significant.  In  a CIS, 
these  factors  are  even  more  paramount;  as  managers  of 
computer  banks  containing  information,  in  some  cases, 
highly  personal  information,  control  must  be  designed  to 
provide  limited  access  to  certain  information.  Such 
privacy  of  information  incorporates  the  legal/political 
factors  as  a major  influence  on  the  development  of  the 
Community  Information  System. 

Considerations  in  the  socio-cultural  area  lean  toward 
determining  the  appropriate  types  of  information  to  be  made 
available  to  the  community  in  support  of  activities  such  as 
education,  health  care,  and  community  interests.  A 
Community  Information  System  by  its  nature  in  serving  the 
informational  needs  of  the  community  must  consider  and 
respond  to  the  socio-cultural  forces  present  as  well  as 
the  technical,  economic,  and  legal/political  aspects. 
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The  program  at  Jonathan,  Minnesota,  sponsored  by  the 
U.S.  Department  of  Housing  and  Urban  Development  is 
directed  toward  gaining  more  knowledge  about  how  communications, 
more  specifically,  two-way  cable  communications,  can  serve 
the  socio-cultural  needs  in  the  community. 

Emphasis  up  to  now  has  been  on  informing  the  public 
of  the  two-way  technology  and  citing  estimates  of  the 
various  services  that  can  be  provided.  The  focal  point 
should  trend  toward  what  people  in  these  communities  feel 
is  important  in  the  way  of  communications  and  what  they 
view  as  significant  services  to  satisfy  their  personal 
and  professional  lives. 

In  Jonathan,  the  overall  program  is  divided  into 
three  phases  as  shown  in  Figure  2.  The  first  phase  deals 
with  the  basic  data  and  information  necessary  to  guide  the 
development,  construction,  and  operation  of  a Community 
Information  System.  In  Phase  II,  plans  include  the  design, 
construction,  and  operation  of  a 100-terminal  network  in 
nearby  neighborhoods  connecting  homes,  businesses,  and 
institutions  to  the  system..  This  can  serve  as  a prove-in 
phase  for  both  hardware  and  software.  Keeping  the  network 
to  this  size  will  allow  a manageable  system,  yet  one 
adequate  to  provide  valuable  data.  It  is  expected  Phase 
II  will  require  1 to  1 H years.  Phase  III  will  be  designed 
to  offer  a variety  of  services  to  the  entire  community  of 
Jonathan  and  Chaska.  Based  on  the  findings  and  results 
of  Phases  I and  II,  this  third  phase  will  provide  meaningful 
services  to  the  community  on  a paying  basis  over  a period 
of  2H  to  3 years,  obtaining  data  relative  to  subscriber 
desires,  willingness  to  pay,  and  cable  communications  as 
a vehicle  for  providing  total  communications  as  a way  to 
improve  the* socio-cultural  elements  of  the  community. 

In  each  of  these  phases,  a primary  objective  will  be 
to  gather  demand-side  data  and  information  to  project  cost 
benefits  of  various  services.  A multi-phase  program  of 
this  type  provides  an  optimum  approach  for  gaining  knowledge, 
experience  and  preparing  the  community  for  this  technology 
as  it  becomes  available. 

In  these  activities,  one  of  the  most  challenging  tasks 
has  been  to  develop  the  methods  for  determining  individual 
preferences  and  values  concerning  two-way  cable  services . 

Four  techniques  are  being  used  for  eliciting  significant 
data  about  such  preferences  and  values;  they  are  as  follows: 

(1)  In  an  effort  to  determine  the  services  which 
individuals  consider  functional,  visitors 
to  the  demonstration  center  are  asked  to 
complete  a short  questionnaire,  either  the 
standard  form  for  adults  or  the  simpler 
form  for  children. 
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(2)  Each  machine  and  program  in  the  demonstration 
center  is  being  connected  to  an  automatic 
counter,  giving  us  data  on  how  often  each 
one  is  used. 

(3)  People  of  the  Jonathan/Chaska  community 
are  participating  in  panel  discussions 
led  by  our  program’s  consulting  behavioral 
scientists.  They  take  part  in  a series 

of  opinion  surveys  dealing  with  the  con- 
tributions of  two-way  cable  communications 
to  the  quality  of  life. 

(4)  A sample  of  the  general  population  of  the 
area  will  also  be  interviewed  in  some 
depth  regarding  the  preferences  for  cable 
communication  systems  and  the  monetary 
value  the  services  maintain  for  them. 

These  four  methods  for  getting  demand-side  data  have  not 
yet  been  underway  long  enough  to  provide  any  figures  that 
would  be  meaningful  to  our  discussion  here  today,  but  these 
figures  will  be  part  of  our  report  to  the  U.S.  Department 
of  Housing  and  Urban  Development  later  this  year. 

Let  me  give  you  some  ideas  of  what  the  visitor  sees 
and  does  at  the  Community  Information  Systems  Demonstration 
Center.  A plan  view  of  this  demonstration  facility  is 
shown  in  Figure  3.  The  visitor  enters  the  demonstration 
center  after  having  gone  through  the  Jonathan  Development 
Corporation's  information  area  and  been  introduced  to 
the  new  town  and  its  goals.  After  being  greeted  by  our 
hostess,  the  visitor's  attention  is  drawn  to  an  explanation 
of  how  a Community  Information  System  is  a community  service 
based  upon  a high  level  of  participation  by  the  citizenry 
in  determining  the  particular  kinds  of  services  that  can 
be  provided  (Figure  4).  Different  elements  of  the  community 
affected  by  cable  communications  are  illustrated  visual- 
graphically  by  a large  scale  map  which  initiates  some  , 
idea  of  the  geographic  area  that  can  be  served  by  this 
project. 

A 10-minute  slide/tape  presentation  then  points  out 
how  important  this  new  type  of  communication  system  may 
be  and  explains  to  the  visitor  how  he  may  use  the  two-way 
cable  system  present  in  the  demonstration  center.  He 
previously  noticed  the  Communication  Center  equipment 
(Figure  5) ; it  may  have  aroused  his  curiosity  with  its 
visual  displays  indicating  how  various  groups  of  lights 
have  something  to  do  with  intrusion,  fire,  no  response, 
and  other  functions.  Practical  usage  of  the  hands-on 
equipment  of  the  Communication  Center  is  an  alluring  area 
of  the  display.  Here,  the  visitor  may  use  the  "Responsor''tm 
to  call  up  the  desired  program  sequence.  Figure  6 shows 
a listing  of  the  programs  available  and  those  soon  to  be 
available.  One  program,  for  example,  shows  the  interactive 
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system  at  work  in  education.  This  program  offers  some 
basic  facts  about  the  first  three  planets  of  the  solar 
system  and  then  asks  the  viewer  a series  of  questions, 
proceeding  on  to  the  next  question  only  after  he  gives 
the  correct  answer.  The  key  element  of  this  type  of 
programming  is  the  General  Electric  AVR-10  which  has 
been  extended  beyond  its  original  usage  to  operate  with 
the  interactive  cable  system  for  testing  the  understanding 
of  information  given  and  for  collecting  answers  from  the 
viewer.  As  he  continues  through  the  center,  the  visitor 
comes  to  a simulated  home  setting  where  the  "Responsor"trn 
system  once  again  is  available  to  him  to  demonstrate  the 
manner  in  which  the  system  can  be  used  to  provide  fire 
and  intrusion  protection  24  hours  a day.  It  provides 
a fail-safe  feature  with  a loss  of  communication  signal 
at  the  Communication  Center  if  any  response  unit  fails 
to  answer  its  interrogation  signal. 

In  this  system,  each  "Responsor"tm  at  a subscriber 
station  (Figure  7)  is  assigned  a unique  digital  address. 

At  the  time  each  "Responsor" tm  is  polled  (every  10-20 
seconds) , the  particular  "Responsor "tm  can  either  accept 
data  or  transmit  data.  The  " Responsor "tm  units  for  this 
demonstration  have  the  ability  to  store  and  display  four 
characters.  This  capability  can  be  extended  to  include 
more  characters  by  expanding  the  capacity  of  the  local 
buffer  storage  element  in  the  "Responsor" tm  unit. 

This  system  also  has  the  ability  to  communication 
between  individual  "Responsors"tm  on  the  network;  for 
example,  "Responsor"  1111  #1  can  transmit  data  to  "Responsor" tm 
#5  or  the  reverse  simply  by  calling  up  the  desired  station 
and  receiving  back  a confirming  signal  indicating  that 
the  station  is  available  to  receive  data.  The  system  is 
designed  so  that  it  can  provide  various  polling  rates, 
depending  on  the  type  of  service  desired.  These  rates 
can  vary  from  scanning  once  every  10  seconds  to  several 
times  a second.  For  example,  if  a station  wishes  to  type 
a message,  the  scanning  rate  could  be  increased  to  10  scans 
per  second  which  would  allow  the  transmission  of  approximately 
40  characters  per  second. 

In  the  idle  mode,  the  system  is  continually  scanning 
each  "Responsor" tm.  These  " Responsors "tm  are  designed  to 
accept  sensor  inputs  at  all  times  for  such  things  as  fire 
intrusion.  Therefore,  each  time  a station  is  polled,  the 
return  idle  message  from  each  unit  indicates  at  the  message 
center  the  status  of  alarms.  Of  course,  this  same  process 
can  apply  for  performance  monitoring  of  the  cable  network 
itself . 

This  presentation  has  given  a brief  description  of  the 
demonstration  facility  at  Jonathan  and  the  system  capability. 
For  more  information,  please  write  or  visit  us  at  Community 
Information  Systems,  Inc.,  Jonathan  Village  Center,  Chaska, 
Minnesota  55318. 
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TWO-WAY  EXPERIENCE  WITH  DIAL-A-PROGRAM 
AT  DENNIS  PORT 


By  R.P.  Gabriel,  B.Sc.;  FIEE,  MIEEE,  Chairman, 
Rediffusion  International  Limited 


In  the  hub  type  network  oi  Dial-a-Program  the  requirement  for 
two-way  transmission  of  data,  voice  or  vision  is  met  in  a very  simple 
and  straight  forward  manner.  Indeed,  Dial-a-Program  is  potentially 
a complete  communication  network  carrying  not  only  television  programs 
in  the  ordinary  sense  but  telephone  and  full  band  width  picturephone  as 
well.  Figure  1 shows  the  ger.  al  arrangement  for  the  distribution  of 
television  programs.  Subscribers  select  their  desired  program  from  those 
available  at  the  program  exchange  by  remote  control.  All  vision  signals 
are  carried  in  the  channel  3-9  MHz  on  identical  phase  locked  carriers. 
Each  subscriber  is  connected  to  the  exchange  by  means  of  two  balanced 
pairs  in  a multipair  cable  of  special  construction  known  as  Qwist(?M). 

A cross  section  of  these  two  pairs  is  shown  in  Figure  2 where  a comparison 
is  also  given  of  the  three  pairs  of  telephone  cable  which  are  required  for 
the  narrow  band  picturephone  service.  The  larger  pair  in  the  Qwist  unit 
carries  the  television  program  and  the  smaller  pair,  which  has  a usable 
band  width  up  to  about  3 MHz,  may  be  used  in  various  ways.  In  the 
simplest  case  it  is  used  only  for  the  control  signals  which  operate  the 
selector  switch  in  the  exchange. 

Two-way  for  Voice 


0 


The  next  step  is  to  use  it  also  for  telephone  purposes  as  is  being 
done  in  the  Dial-a-Program  system  now  being  installed  in  the  Health 
Sciences  Communications  Center  of  Case  Western  Reserve  University 
at  Cleveland,  Ohio.  A change-over  relay  is  fitted  both  at  the  sub- 
scriber and  exchange  ends  of  the  smaller  pair,  which  simply  transfers 
the  circuit  to  the  telephone  instrument  at  the  subscriber's  end  and  the 
internal  telephone  exchange  at  the  other  end  whenever  the  circuit  is 
not  being  used  for  the  control  of  the  vision  selector  switches.  The 
transfer  is  automatic  and  vision  selection  is  given  priority  so  that  as 
soon  as  the  dial  is  moved  off  normal  for  vision  selection  the  circuit  is 
transferred  for  the  purpose.  The  arrangement  is  shown  in  Figure  3. 

Shoring  the  circuit  in  this  way  for  one  purpose  or  the  other  is  quite 
satisfactory  in  many  cases,  particularly  where  the  telephone  is  being 
used  as  an  adjunct  to  the  television  pictures  in  an  educational  situation 
such  as  that  at  Case  Western  Reserve  University.  In  other  circumstances, 
for  example  where  Dial-a-Program  is  used  as  a universal  communications 
network  in  a new  community,  such  sharing  would  be  unacceptable  and 
the  smaller  pair  can  be  allocated  exclusively  to  the  telephone.  At  some 
slight  additional  cost  the  control  signals  for  the  vision  selector  switch 
can  be  combined  with  the  vision  signals  on  the  larger  pair  and  this  has 
been  on  demonstration  on  one  subscriber's  connection  at  Dennis  Port. 

m 


376 


The  community  network  might  then  be  arranged  as  in  Figure  4.  The 
diagram  shows  the  telephone  pairs  as  taken  right  back  to  a conventional 
telephone  exchange  but  the  layout  fits  in  well  with  proposals  to  use 
digital  signals  for  the  telephone.  Conversion  to  digital  form  can  con- 
veniently be  carried  out  at  the  wide  band  program  exchanges  and  the 
telephone  signals  for  a group  of  subscribers  can  be  concentrated  together 
and  then  carried  over  a single  circuit  in  the  wide  band  trunk  routes. 
Combination  of  the  two  services,  telephone  and  cable  television,  in  this 
way  does,  of  course,  have  a very  favourable  effect  on  the  economics. 

Two-way  for  Vision 


The  larger  pair  in  the  Qwist  unit  is  usable  up  to  about  16  MHz 
without  too  much  difficulty  from  crossview.  As  the  3 to  9 MHz  is  used 
for  outward  transmission  of  vision  signals,  this  leaves  the  channel  9-16 
MHz  available  for  inward  transmission.  Since  in  the  ordinary  way  there 
are  no  amplifiers  between  the  exchange  and  the  subscriber,  one  may  go 
to  any  outlet  on  the  system  and  plug  in  a camera  or  other  source, 
modulate  the  signal  on  to  16  MHz  carrier  and  send  it  back  to  the 
exchange. 

At  the  exchange  the  return  signals  are  separated  out  by  high  and 
low  pass  filters,  their  frequency  is  changed  to  the  standard  3-9  MHz 
channel  and  they  are  then  available  for  application  like  any  of  the  other 
signals,  to  one  of  the  exchange  bus-bars  and  for  transmission  over  one 
circuit  in  the  multi-coaxial  cable  which  forms  the  trunk  route  between 
exchanges.  Where  the  number  of  subscribers  requiring  to  use  the  two- 
way  vision  facility  simultaneously  is  few,  problems  with  crossview,  due 
to  beats  between  their  respective  carriers  will  be  unlikely  to  arise  and 
it  is  sufficient  to  use  a reasonably  stable  osci I lator  as  the  carrier  source 
and  a demodulator-modulator  at  the  exchange  end.  This  is  the  arrange- 
ment, which  has  been  on  demonstration  for  the  past  year  at  Dennis  Port, 
Cape  Cod,  is  shown  as  a block  diagram  in  Figure  5.  The  sound  signal 
generated  at  the  subscriber's  premises  may  be  carried  in  various  ways 
but  the  simplest  is  to  send  it  back  using  the  audio  frequency  baseband 
as  shown  in  Figures  5 and  6. 

When  it  is  probable  that  two  subscribers  whose  circuits  are 
contained  within  the  same  6 Qwist  cable  will  require  two-way  trans- 
mission at  the  same  time,  then  it  is  necessary  that  their  carriers  should 
be  locked  together.  To  achieve  this  the  arrangement  shown  in  Figure  6. 
is  adopted.  The  master  oscillator  which  we  will  assume  for  the  moment 
is  located  at  the  local  exchange,  provides  the  carrier  at  roughly  8 MHz 
which  is  used  for  all  outgoing  channels.  A tapping  is  taken  from  this 
source  and  the  frequency  divided  by  four  to  give,  a signal  at  about  2 MHz 
which  is  filtered  to  get  rid  of  harmonics  and  applied  to  a hybrid  trans- 
former unit  which  is  plugged  into  the  subscriber's  circuit  when  he  requires 
two-way  transmission.  The  2 MHz  pilot  signal  is  sent  out  over  the 
larger  pair  of  the  Qwist  being  multiplexed  with  the  go  and  return  vision 
© signals  also  on  that  pair.  At  the  subscriber's  end  the  2 MHz  pilot  is 

'SRHt  filtered  and  out  multiplied  by  eight  to  give  the  return  signal  carrier  at 

16  MHz  approximately.  
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When  this  signal  is  received  at  the  exchange  it  is  mixed  with  the 
third  harmonic  of  the  8 MHz  master  oscillator  to  give  a 40  MHz  inter- 
mediate frequency  and  this  in  turn  is  mixed  with  the  harmonic  and  a 
modulated  8 MHz  signal  results  which  is  phase  locked  to  the  other 
channels  and  is  ready  after  amplification  for  application  to  one  of  the 
bus-bars.  Equipment  operating  on  this  principle  will  be  installed  later 
this  year  at  Case  Western  Reserve  University. 
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SRS  EL  SEGUNDO  INTERIM  TEST  REPORT 


Richard  T.  Callais 
Manager,  SRS  Division 
Theta -Com  of  California 
Los  Angeles,  California 


INTRODUCTION  AND  SUMMARY 

This  paper  is  presented  as  a progress  report  on  the  interim  test- 
ing of  the  Subscriber  Response  System  (SRS),  in  preparation  for 
the  field  installation  at  El  Segundo. 

This  first  phase  of  the  overall  test  plan  includes  tests  made  at 
Theta -Com  using  actual  two-way  'able  cascades,  a two-way  AML 
microwave  link,  and  the  prototype  SRS  terminals  which  will  be 
used  at  El  Segundo. 

Data  taken  in  these  tests  indicate  the  performance  of  the  full  SRS 
system  in  operation  with  a 16 -amplifier  cascade  are  substantially 
error  free  in  the  presence  of  typical  or  even  excessive  thermal 
noise.  Excellent  performance  was  also  obtained  in  the  presence 
of  simulated  impulse  noise  and  interfering  CW  carriers. 

The  factors  which  are  important  in  the  design  of  an  interactive 
system  including  the  oft-neglected  computer  and  its  software 
complement  are  discussed.  The  results  of  tests  simulating 
heavy  service  traffic  show  the  SRS  system  can  respond  in  sec- 
onds to  such  traffic,  including  the  recording  of  billing  informa- 
tion on  magnetic  tape. 

Finally,  the  services  which  will  be  tested  at  El  Segundo  are 
categorized  and  discussed. 

THE  SRS  SYSTEM 

The  SRS  system  is  a two-way  interactive  system,  the  basic  opera- 
tion of  which  is  illustrated  in  Figure  1. 

The  two-way  interactive  communication  takes  place  between  a 
computer  complex  termed  the  Local  Processing  Center  (LPC), 
shown  in  Figure  2,  and  subscriber  terminals  located  in  the  home 
or  business  location.  The  subscriber  terminals  consist  of  two 
basic  units  - a Modem,  shown  in  Figure  3,  and  a Subscriber 
Console. 
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The  Modem  unit  contains  no  operating  controls  and  can  be  located 
behind  the  television  set  or  in  some  other  relatively  nearby,  unob- 
trusive location. 

The  Subscriber  Console  is  connected  to  the  Modem  by  a small 
diameter  cable  (nominally  a maximum  of  50  feet  in  length)  and  is 
intended  to  be  located  within  view  of  the  television  set.  Two 
models  of  the  Subscriber  Console  are  currently  available.  The 
SRS  Model  101,  shown  in  Figure  4,  contains  a simple  3-digit  key- 
board. The  SRS  Model  102,  shown  in  Figure  5,  has  a full  0 to  9 
numeric  keyboard  and  a strip  printer.  A paper  tape  cartridge 
used  in  conjunction  with  the  strip  printer  is  shown  in  Figure  6. 

The  units  shown  are  operating  samples  from  the  prototype  pro- 
duction run  of  30  terminals. 

More  detail  describing  the  basic  SRS  system  is  available  in  Ref- 
erence [1]. 

EL  SEGUNDO  TEST  PLAN 


Starting  in  late  spring  of  this  year,  the  Theta-Corn  SRS  system 
will  be  tested  on  a Theta -Cable  two-way  CATV  installation  now 
nearing  completion  in  flic  City  of  El  Scgundo,  California. 

Initial  testing  will  be  performed  with  30  of  the  prototype  SRS  ter- 
minals and  will  be  continued  and  extended  with  the  production  and 
installation  of  1,000  pre-production  terminals  starting  at  the  end 
of  1972. 

The  initial  tests  using  30  terminals  will  combine  technical  testing 
and  demonstrations  and  development  ol  the  services  offered. 
These  studies  will  continue  as  the  1,000  units  are  installed  aixl 
will  phase  into  the  sale  of  actual  services. 

EL  SEGUNDO  CABLE  SYSTEM 


The  CATV  system  being  installed  in  El  Scgundo  by  Theta-Cable  is 
a two -cable  system,  shown  in  Figure  7 . The  system  consists  of 
an  !,A"  cable  system  and  a ,!B"  cable  system.  The  -’A"  cable  trunk 
line  is  intended  for  downstream  transmission  only  in  the  band  from  t 
54  to  300  MHz.  The  :,B"  trunk  line  operates  bi-directionally: 
downstream  from  174  to  300  MHz,  and  upstream  from  5 to  108 
MHz.  The  ” A" 'Cable  distribution  system,  however,  operates  bi- 
directionally with  the  upstream  bandwidth  between  5 and  30  MHz. 
Upstream  signals  from  "A"  distribution  line  arc  routed  through 
appropriate  low  pass  filters  to  the  ”13"  trunk  where  they  travel 

1 . 

Diagram  furnished  by  Mr.  Thomas  II.  Ritter,  TelePrompTer 
Corporation. 
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upstream  to  the  head  end  and  are  routed  to  the  SRS  Local  Proces- 
sing Center.  The  "A"  trunk,  and  distribution  system,  is  intended 
primarily  for  home  subscribers  while  the  "B"  trunk  is  intended 
for  municipal,  business,  and  industrial  usage,  where  the  greater 
upstream  bandwidth  (5-108  MHz)  can  be  utilized  for  additional 
data  communication  and/or  upstream  video  channels. 

The  "A”  cable  system  will  contain  32  trunk  amplifiers  and  124 
line  extenders.  The  "B"  cable  system  will  contain  32  trunk  am- 
plifiers and  only  4 line  extenders,  in  view  of  the  smaller  distri- 
bution demand  anticipated  from  the  specialized  users. 

The  longest  cascade  in  the  system  consists  of  7 trunk  amplifiers 
and  2 line  extenders.  Total  plant  mileage  is  approximately  30 
miles.  For  the  trunk,  3/4’'  foam  dielectric  cable  will  be  used 
and  1/2"  cable  for  the  distribution  system. 

TESTS  IN  PROGRESS 

While  the  El  Segundo  cable  system  construction  is  nearing  com- 
pletion, extensive  testing  of  the  SRS  system  using  actual  cable 
cascades  is  in  progress  at  the  Theta-Coni  plant.  This  testing 
and  other  developmental  efforts  will  continue  at  Theta-Com 
using  a second  LPC  following  installation  of  the  present  LPC 
in  El  Segundo. 

DUAL  CABLE  TESTS 

A two-way  two-cable  system,  representative  of  the  El  Segundo 
installation,  has  been  assembled  at  the  Theta-Com  facility  in 
Los  Angeles.  The  cable  cascade  is  shown  in  Figure  8 installed 
in  a large  temperature  chamber  where  it  has  been  extensively 
tested.  Reels  of  aluminum  sheath  cable  similar  (except  for 
smaller  diameter)  to  the  actual  trunk  cable  are  used  to  provide 
a 20  dB  spacing  measured  at  300  MHz  between  amplifiers.  Six- 
teen downstream  amplifiers  are  used  in  the  "A"  trunk  system 
and  sixteen  two-way  amplifiers  are  employed  in  the  "B"  cable 
trunk. 

For  the  El  Segundo  system,  Jerrold  SP-1/2/5-2W  trunk  ampli- 
fiers and  SLE-300-2W  line  extenders  are  used. 

While  testing  of  this  system  is  still  underway,  some  initial  re- 
sults can  be  reported  at  this  time. 

Tests  were  made  using  an  SRS  101  terminal  and  the  full  LPC 
computer  complex  feeding  the  aforementioned  cascaded  cable 
system.  During  the  tests,  12  channels  of  video  were  being  car- 


ried  over  the  cable,  plus  the  FM  band.  Computer  controlled 
operation  of  all  of  the  basic  services,  including  channel  selec- 
tion, channel  polling,  meter  reading,  opinion  polling,  premium 
and  restricted  TV  control,  accessory  power  control  and  emer- 
gency alarms  were  repeatedly  demonstrated  satisfactorily. 

Tests  are  also  being  conducted  to  determine  two-way  system 
error  performance.  For  these  tests,  a special  LPC  computer 
program  was  written  to  control  the  transmission  of  downstream 
commands  such  that  four  different  commands  were  sent  to  an 
SRS  terminal  in  sequence  and  the  cycle  was  repeated  indefinitely. 
In  response  to  each  of  these  commands,  the  terminal  transmit- 
ted upstream  different  responses  in  accordance  with  the  down- 
stream command.  These  tests  were  performed  using  the  16- 
amplifier  dual  cable  cascade. 

The  computer  compared  the  responses  to  each  command  with  the 
normal  response  expected  and  periodically  read  out  to  a teletype 
the  total  number  of  errors  and  the  type  of  error.  Over  a period 
of  1 1 hours  during  which  approximately  40  million  complete  two- 
way  transmissions,  comprising  a total  of  2.  5 billion  bits,  were 
made  with  no  errors.  This  error  value  corresponds  to  a bit 
error  rate  of  4x10  ^ if  we  assume  the  next  transmission  (afte  r 
the  end  of  the  actual  test)  were  to  contain  an  error.  This  would 
correspond  to  a signal  to  noise  ratio  of  roughly  17  dB  [2].  Ac- 
tually, the  S/N  ratio  was  in  excess  of  40  dB,  and  the  correspon- 
ding error  rate  due  to  thermal  noise  in  the  test  cascade  with  this 
S/N  would  be  vanishingly  small. 

t 

For  actual  field  installations,  the  thermal  noise  from  each  sub- 
scriber house  drop  will  add  since  the  signal  paths  all  converge 
to  the  trunk  and  eventually  the  Head  End  and  LPC.  For  an  ex- 
tremely large  CATV  system,  perhaps  close  to  a worse  case, 
let  us  assume  we  have  approximately  300  miles  of  strand,  and 
1,  000  reverse  amplifiers.  The  resulting  S/N  calculated  for 
reverse  amplifiers  with  a noise  figure  of  10  dB,  23  dB  of  gain, 
operating  at  a +32  dBrnV  output  level  is  28  dB  for  a 4-MH/.  band- 
width [3].  This  will  again  result  in  a vanishingly  small  error 
rate  for  data  signals  but  a very  poor  upstream  video  signal. 

In  El  Segundo,  there  will  be  approximately  160  reverse  ampli- 
fiers which  will  cause  no  thermal  noise  problems  for  the  SRS 
but  may  degrade  video  picture  quality.  In  this  event, provision 
has  been  made  to  operate  in  a type  of  hub  fashion  with  two  trunk 
lines  in  place  of  one. 

Some  attempt  was  made  to  determine  the  performance  of  the 
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system  with  simulated  impulse  noise  and  with  interfering  carrier 
signals. 

Impulse -noise  such  as  might  be  produced  by  ignition  noise  or 
corona  from  a high  voltage  power  line;  was  simulated  by  using  50 
nanosecond  pulses  at  repetition  rates  which  were  varied  from  100 
I Its  to  above  100  KHz.  The  exact  pulse  width  was  varied  to 
place  the  peak  of  the  resulting  noise  spectral  distribution  at  the 
center  frequencies  of  the  downstream  and  upstream  SRS  carriers, 
i.  e.  , I 10  MHz  and  23  MHz,  respectively.  The  levels  of  the  im- 
pulses were  adjusted  for  the  highest  value  which  did  not  produce 
errors.  No  errors  were  observed  in  either  downstream  or  up- 
stream transmissions  for  a peak  SRS  carrier  level  to  equivalent 
4 Ml  1 z bandwidth  RMS  noise  ratio  of  14  dB.  During  the  down- 
stream measurements,  the  noise  signals  on  TV  Channels  2 thru 
6 were  such  that  tlx?  video  picture  was  badly  disturbed,  while 
Channels  7 thru  13  were  also  seriously  degraded. 

In  the  case  of  CW  interference  such  as  might  he  produced  by  ra- 
diation from  a broadcast  station,  the  interfering  carrier  was 
swept  across  the  SRS  downstream  and  upst  ream  bands  and  the 
amplitude  varied  until  errors  were  detected.  The  peak  SRS  sig- 
nal carrier  to  CW  carrier  beyond  which  errors  would  occur  was 
measured  at  20  dB  for  downstream  reception,  while  the  upstream 
value  was  t>  dL3.  The  excellent  behavior  in  the  upstream  direction 
is  attributed  to  the  hard  limiting  employed  in  the  upstream  PSK 
receiver,  which  produces  a ’capture"  effect. 

In  the  above  tests,  the  SRS  downstream  and  upstream  carrier 
levels  were  approximately  the  same  as  the  respective  TV  video 
carrier  levels. 

With  regard  to  CW  interference  and  impulse  noise,  SRS  utilizes 
a high  pass  filter  and  a frequency  converter  between  the  drop 
line  and  the  TV  set  which  will  effectively  block  spurious  signals 
picked  up  at  the  subscriber's  TV  set  from  entering  the  cable  in 
the  upstream  direction.  Entry  of  these  interfering  signals  out- 
side the  homo  cun  be  prevented  whereThcy  occur  by  effectively 
shielded  drop  lines  and  good  workmanship  in  the  installation  of 
the  entire  cable  system. 

SINGLE  CABLE  TESTS 


While  the  El  Scgundo  installation  is  a two -cable  system,  it  is  be- 
lieved that  there  also  will  be  many  applications  where  single 
cable  systems  will  be  used  for  two-way  communication.  For  this 
reason,  SRS  is  also  currently  undergoing  operational  tests  using 
the  single  cable  cascade  shown  in  Figure  9. 
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This  system  utilizes  a cascade  of  16  T)  'a-Com  XR2  two  ampli- 
fiers and  a line  extender,  with  22  dB  spacing  measured  at  270 
MHz  between  trunk  amplifiers* 

In  addition,  to  demonstrate  the  practicability  of  complete  two-way 
CATV  system  operations  including  Local  Distribution  Service,  a 
Theta-Com  two-way  AML  multichannel  microwave  link  was  added 
to  the  system.  The  AML  system  relays  the  Head  End  VHF  and 
LPC  SRS  downstream  signals  to  the  cascade  which,  in  turn, 
drives  the  SRS  terminal  and  TV  receivers.  Return  signalsfrom 
the  SRS  terminal  and  a TV  camera  are  fed  back  upstream  thru 
the  cascade  to  a second  AML  transmitter.  A second  AML  re- 
ceiver feeds  the  upstream  SRS  and  video  signals  to  the  Head  End 
and  Local  Processing  Center  to  complete  the  two-way  loop.' 

The  overall  system  is  shown  in  the  functional  block  diagram  of 
Figure  10.  The  entire  system  performed  successfully,  and  will 
be  demonstrated  live  at  the  1972  NCTA  Contention  using  the  ac- 
tual hardware.  It  was  inconvenient  to  transport  the  Local  Pro- 
cessing Center  for  display  at  the  NCTA  Convention,  and  in  its 
place  a small  fixed  program  computer  was  constructed  to  dem- 
onstrate some  of  the  basic  services.  A computer  display  panel, 
shown  in  Figure  12,  was  also  designed  to  clearly  display  the 
performance  of  various  services. 

An  interesting  and  potentially  popular  and  useful  service  is 
demonstrated  in  this  equipment.  A TV  camera  at  the  subscrib- 
er terminal  relays  TV  pictures  upstream  of  the  home  or  busi- 
ness location.  The  camera  is  actuated  by  an  accessory  control  ‘ 
command  signal  which  can  be  furnished  by  the  LPC  at  any  de- 
sired time.  The  upstream  video  information  is  converted  in 
frequency  at  the  Head  End  to  a restricted  channel  (Channel  F) 
and  is  redirected  downstream  to  an  eligible  subscriber  or  sub- 
scribers, whose  individual  eligibility  to  view  the  channel  is 
controlled  by  the  LPC.  Thus,  a video  program  initiated  any- 
where in  the  cable  system  can  be  routed  to  any  particular  sub- 
scriber, group  of  subscribers,  or  all  subscribers  in  the  CATV 
system. 

Important  applications  of  this  service  include  the  following: 

a)  Home  or  business  protective  surveillance  and  relay  of  both 
video  and  digital  alarm  signals  to  the  appropriate  protec- 
tive agency  or  municipal  arm. 

b)  Educational  instruction  in  the  home  or  local  schoolroom  with 
relay  to  the  educational  center  and/or  other  students. 

c)  The  relay  of  civic,  sporting  or  news  events  from  any  place 
within  the  cable  system  to  the  home  on  a fee  or  free  basis. 
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In  addition  to  single  cable  two-way  systems  which  can  be  in- 
stalled with  integral  two-way  distribution  equipment  in  new 
construction,  there  is  also  the  need  to  retrofit  existing  one-way 
systems  with  two-way  capability  at  minimal  cost. 

In  these  cases,  the  existing  downstream  amplifiers  will  be  re- 
tained and  new  upstream  amplifiers  and  filters  will  be  retro- 
fitted into  the  system.  The  cascade  shown  in  Figure  1 1 is  ap- 
plicable to  the  situation.  It  consists  of  32  existing  Theta-Com 
XR  downstream  amplifiers,  retrofitted  with  16  Theta-Com 
XR2SL  amplifiers  and  32  XR2CF  series  filters  for  upstream 
transmission.  The  downstream  amplifiers  are  mounted  on 
the  front  of  the  racks  while  the  upstream  retrofitted  compo- 
nents are  mounted  on  the  top. 

COMPUTER  SOFTWARE  CONSIDERATIONS  AND  TESTS 


It  needs  to  be  emphasized  that  a successful  two-way  interactive 
communication  involves  not  only  subscriber  terminals,  a two- 
way  cable  system,  and  equipment  to  modulate  and  demodulate 
data  signals  on  r.  f.  carriers  - but  also  a reliable  and  efficient 
computer  system  which  is  generally  associated  with  the  head  end. 
The  computer,  in  turn,  requires  software  control  to  perform  its 
function  of  interrogation  of  the  subscribers  and  more  important, 
servicing  the  subscriber's  needs. 

It  would  be  misleading  to  consider  only  the  time  required  to  in- 
terrogate subscribers  if  we  wish  to  determine  the  actual  time  a 
given  two-way  system  requires  to  handle  the  subscriber's  re- 
quests. The  degree  of  traffic  volume  and  diversity  of  services 
which  can  be  accommodated  by  a given  computer  software  sys- 
tem are  also  significant  factors  in  evaluating  the  overall  cap- 
ability of  a two-way  system. 

In  these  early  days  of  two-way  CATV  systems,  these  considera- 
tions may  be  overlooked,  or  de -emphasized  as  less  important 
than  introducing  some  form  of  hardware  into  public  test  and  use 
as  soon  as  possible.  While  the  view  is  to  some  extent  under- 
standable, it  may  be  shortsighted  from  the  cable  system  opera- 
tor's vantage  in  that  it  may  lead  to  early  obsolescence  of  systems 
which  are  limited  in  the  ability  to  handle  large  numbers  of  sub- 
scribers and  many  services  or  which  cannot  service  heavy  traf- 
fic demand  economically,  efficiently,  or  at  all. 

Viewed  in  proper  perspective,  rapid  interrogate  and  response 
times,  however,  are  certainly  important  qualities  for  any  effec- 
tive system.  Two  factors  determine  this  portion  of  the  total 
servicing  time  required:  first,  the  speed  of  data  transmission 
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and  second,  the  effect  of  propagation  delay  of  the  cable  system. 

The  SRS  system  transmits  digital  data  downstream  and  upstream 
at  a rate  of  1 megabit  per  second.  The  effects  of  propagation 
delay  are  effectively  reduced  to  a negligible  amount  in  the  SRS 
system  by  the  use  of  proprietary  system  design  features.  The 
combination  of  the  relatively  high  bit  rate  and  the  reduction  in 
the  effects  of  propagation  delay  permit  a total  basic  interroga- 
tion and  response  time  less  than  approximately  2.4  seconds  for 

50,000  subscribers. 

In  systems  which  do  not  effectively  eliminate  the  effect  of  pro- 
pagation delay,  interrogation-response  sequences  must  allow  a 
time  delay  equal  to  twice  the  propagation  time  between  the  com- 
puter and  the  farthest  subscriber  in  order  to  avoid  the  possibility 
of  interfering  responses  from  2 subscribers.  For  a maximum 
cable  distance  of  10  miles,  the  comparable  time  required  to  poll 

50,000  subscribers,  would  increase  to  approximately  7.9  seconds, 
an  increase  of  approximately  325%  in  elapsed  time.  Depending 
on  the  service  being  provided,  there  may  be  several  interactive 
contacts  required  between  computer  and  subscriber  to  complete 
the  required  sequence  of  events  which  will  increase  the  service 
time  proportionately. 

The  use  of  two-way  microwave  relays  between  the  head  end  and 
the  cable  system  will  also  directly  add  further  propagation  delay 
depending  on  the  length  of  the  microwave  path.  For  an  additional 
10  miles  due  to  microwave  link  path  length,  the  time  to  service 

50,000  subscribers  would  increase  from  7.9  seconds  to  approx- 
imately 13.  3 seconds,  while  the  SRS  service  time  would  remain 
substantially  constant  at  2.4  seconds. 

Other  significant  factors  in  determining  actual  service  time  are 
the  speed  of  the  operation  of  the  computer  in  performing  instruc- 
tions, the  core  memory  cycle  time,  the  access  times  to  disk 
memory  and  magnetic  tape  recorder,  when  required,  and  the 
overall  efficiency  of  the  software  program  controlling  the  data 
processing  task.  The  time  required  for  the  performance  of  these 
operations  is  generally  additive  to  the  basic  interrogate-response 
times  discussed  previously,  since  the  subscriber  responses  must 
be  received  by  the  computer  before  the  processing  of  the  respon- 
ses and  service  requests  can  occur.  Related  to  these  factors  are 
the  economic  factors  involving  tradeoff  considerations  with  re- 
spect to  the  cost  of  the  computer  and  its  peripherals.  Increasing 
the  amount  of  core  or  semiconductor  memory  used,  for  example, 
may  speed  up  service  time  but  the  cost  may  increase  prohibi- 
tively. 
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Depending  on  the  selection  of  the  computer,  its  peripherals,  and 
the  programming  efficiency,  the  actual  time  to  service  10,000 
subscribers  with  a variety  of  services  and  heavy  traffic  volume 
may  increase  prohibitively  for  services  in  which  the  interaction 
time  should  be  short  (say,  10  seconds  or  less)  to  be  attractive  to 
the  subscriber. 

The  SRS  computer  hardware  and  software  have  been  selected  and 
designed  to  permit  the  economical  delivery  of  services  to  sub- 
scribers under  heavy  traffic  conditions  generally  within  a few 
seconds.  In  the  Theta-Com  laboratories,  a computer  program 
was  prepared  to  simulate  the  simultaneous  purchase  of  any  Prem- 
ium TV  channel  by  1, 000  subscribers.  The  average  time  requir- 
ed to  provide  this  service  to  the  1,000  subscribers  was  measured 
at  1.7  seconds.  This  time  included  preparing  a billing  record  of 
each  purchase  on  magnetic  tape. 

These  simulation  tests  will  be  continued  and  extended  to  include 
different  **mixes,f  of  the  various  services  and  variable  traffic 
volumes. 

In  the  field  at  El  Segundo,  various  tests  will  be  conducted  which 
will  proof  test  the  software  design  and  overall  system  perfor- 
mance under  dynamic  conditions.  When  1,000  terminals  have 
been  installed,  traffic  handling  performance  can  be  demonstra- 
ted based  on  real-life  requirements.  Other  tests  planned  in- 
clude intercommunication  between  the  SRS  Local  Processing 
Center  and  other  data  processing  and  computer  systems  such 
as  time  shared  large  scale  computers,  reservation  systems, 
message  switching  and  merchandising  systems. 

TESTS  OF  SERVICES 


The  various  services  which  will  be  tested  by  the  SRS  system  can 
be  categorized  broadly  as  follows: 

a)  New  Services:  Services  which  arc  not  widely  available  to  the 
public  at  present. 

b)  Existing  Services:  Services  which  are  presently  available  at 
the  home  using  other  means,  but  which  would  provide  some 
improvement  to  the  public  or  other  user  such  as  personal 
convenience,  cost  savings,  greatc  r flexibility,  time  savings, 
etc. 


Under  ''New  Services,11  we  may  list  Premium  Television,  Re- 
stricted Channels,  Frame  Grabbing,  Channel  Polling,  Opinion 
Polling,  Interactive  Education  in  the  Home,  Audience  Participa- 
tion, Off-track  Betting  (where  legalized). 
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Under  ’’Existing  Services,  •’  we  may  list  Meter  Reading,  Shop-at- 
llnmc,  Reservation  Services,  Emergency  Services,  and  various 
derivatives  of  these  services. 

The  New  Services/*  by  definition,  will  provide  new  experiences 
for  the  public  which  may  well  be  attractive  enough  by  themselves 
to  gain  widespread  acceptance  of  interactive  CATV. 

Conversely,  the  improvements  which  may  he  offered  by  some  of 
the  ‘‘Existing  Services,"  such  as  Shop-at -I  iome  may  furnish  the 
initial  trigger  for  widespread  utilization  of  interactive  services. 

Once  significant  acceptance  is  obtained  for  some  of  the  services, 
the  cost  of  home  terminals  can  be  substantially  justified  on  the 
basis  of  the  additional  revenues  provided.  At  this  point,  some 
of  the  services  listed  as  ’Existing  Services”  may  well  be  divert- 
ed from  their  present  media  to  CATV.  This  could  occur  on  the 
basis  of  the  added  improvements  referred  to  above,  the  forma- 
tion of  new  public  habit  patterns,  and  increasing  availability  of 
CATV  and  interactive  systems  in  competition  with  other  esta- 
blished media. 

In  El  Scgundo,  it  is  planned  to  test  the  aforementioned  services 
and  others,  where  practical.  The  initial  tests  utilizing  some  30 
Subscriber  Terminals  will  be  developmental  tests  to  demonstrate 
and  develop  the  services  for  cable  system  operators  and  other 
cnterproncurs  in  a realistic  environment,  i.  e.  , on  an  operating 
two-way  cable  system  in  subscribers*  homes.  The  tests  will 
take  place  over,  perhaps,  six  months  and  phase  int  o testing 
1,000  terminals  as  they  are  installed  in  subscribers’  homes. 

The  tests  utilizing  1,000  terminals  will  deliver  actual  services 
to  the  subscribers  on  a fee  basis,  where  applicable.  The  reac- 
tion of  the  subscribers  to  these  services,  the  profitability  of  the 
services,  and  the  need  for  change  or  modification  in  the  imple- 
mentation of  the  services  will  be  studied  in  this  phase. 

CONCLUSION 

The  El  Scgundo  tests  are  planned  to  comprehensively  demon- 
strate the  technical  feasibility  of  two-way  interactive  CATV 
communications,  and  to  attempt  to  determine  public  acceptance 
of  tiie  services  offered. 


With  regard  to  technical  feasibility,  the  results  to  date  have  cor- 
roborated and  considerably  extended  previous  test  evidence  ob- 
tained in  the  field  at  Los  Gatos,  California  in  1971,  indicating 
basic  soundness  of  the  SRS  system  design. 
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With  regard  to  public  acceptance,  the  El  Segundo  tests  will  con- 
stitute a serious  and  significant  attempt  to  interact  with  the  life 
style  of  the  public  to  determine  the  roles  best  suited  to  this  new 
technological  medium  and  to  demonstrate  and  measure  its  public 
value  and  marketability. 
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Figure  1 - SRS  Basic  System  Operation 
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Figure  3 - SRS  Modem  Unit* 
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Figure  5 - SRS  Model  102  Console 
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Figure  7 - El  Segundo  CATV/SRS  System  Block  Diagram 


Figure  10  - Combined  SRS-LDS  Operation 
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Figure  12  - SRS  Computer  Display 
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HIGHLIGHTS 
TECHNICAL  SESSION 

ADVANCED  TECHNIQUES  AND  DESIGN 


Michael  F.  Jeffers 
Jerrold  Electronics  Corp. 
Hatboro,  Pennsylvania 

Speakers 

Jack  W.  Blanchard 
Ameco,  Inc. 

Phoenix,  Arizona 

Ivan  Frisch 

Network  Analysis  Corp. 
Glen  Cove,  New  York 

Henry  Marron 

Jerrold  Electronics  Corp. 
Hatboro,  Pennsylvania 

Gaylord  Rogeness 
Anaconda  Electronics 
Anaheim,  California 

R.  Richard  Bell 
Electronics  Group  of  TRW  Inc. 
Lawndale,  California 


Frank  Haney 

Tele-Vue  Systems  Div.  of  Viacom 
San  Rafael,  California 


1.  "Flexicade  - An  Evolutionary  Cable  System"  - 
Jack  Wi  Blanchard 

Mr.  Blanchard  pointed  out  two  problems  encountered 
with  conventional  CATV  systems  encountered  with  conven- 
tional CATV  systems:  a)  Deterioration  over  long  cable 
distances  and  b)  Influence  of  local  high  ambient  RF 
fields.  He  showed  that  a sub-band  approach  transports 


Chairman 


Reporter 


from  four  to  seven  TV  channels  in  the  range  of  six  to 
forty— eight  MHz.  Next,  a block  convention  scheme  to 
get  the  sub-band  channels  up  to  standard  TV  channel 
frequencies  was  described.  Individual  channel  amplifier 
performance  characteristics  and  those  of  a 32  amplifier 
cascade  were  presented. 

Another  approach  described  requires  special  TV  tuners 
for  non  on-channel  signal  carriage. 

2 . "Reliability  Through  Total  Automation  of  CATV 
System  Design"  - Ivan  Frisch 

Dr.  Frisch  outlined  two  advantages  of  the  design  by 
computer  approach?  i.e.,  reliability  and  flexibility. 

then  showed  typical  errors  introduced  by  manual  designs. 

Finally,  a computer-operated  drafting  machine  for 
the  drawing  out  of  the  computer  designed  system  was 
described.  It  was  pointed  out  that  a 100  mile  plant 
could  be  drawn  by  this  computer-drafting  machine  com- 
bination in  approximately  four  hours. 

3.  "Return  System  AGO  In  Two-Wav  CATV  Systems"  - 
Henry  Marron 

Mr.  Marron  pointed  out  the  shortcomings  encountered 
bY  the  injection  of  pilot  carriers  (in  the  return  direc- 
tion) - individual  pilot  carriers  may  tend  to  build  up 
(or  cancel)  depending  on  their  frequency  difference  and/ 
or  temperature  variations . 

An  approach  using  limited  bandwidth  white  noise  pilots 
with  each  having  control  of  only  a portion  of  the  AGC  range 
of  the  return  amplifiers  was  described.  This  approach 
aberages  the  return  levels  of  both  the  pilots  and  the 
return  signals,  thereby  not  penalizing  one  for  the  other. 

4 . — ^^^tributinq  Sources  and  Magnitudes  of  Envelope 
Delay  in  Cable  Transmission  System  Components"  - 
Gaylord  Rogeness 

Mr.  Rogeness  listed  the  many  causes  of  group  delay 
in  a CATV  system.  The  major  contribution  was  pointed 
out  to  be  caused  by  the  crossover  filters  present  in 
each  two-way  amplifier  location. 
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Several  schemes  for  correction  were  presented;  e.g., 
including  pro- equalization  at  hoao- end,  use  of  converters 
to  cause  a sub-band  channel  experiencing  one  form  of  group 
delay  distortion  to  experience  a reverse  distortion  after 
conversion  to  a standard  TV  channel  frequency  (Ch-2  or  Ch-3). 

Question ; Why  is  not  the  delay  caused  by  the  crossover 
filters  not  corrected  by  phase  correctors  at  each  filter? 

Answer : This  has  not  yet  been  fully  investigated. 

Question ; What  is  the  maximum  tolerable  chroma  to 
video  delay? 

Answer : Approximately  178  Nsec. 

5 . “Elimination  of  Cross-Modulation  in  CATV  Amplifiers"  - 
R.  Richard  Bell 

Mr.  Bell  pointed  up  the  changes  in  channel  capaci- 
ties and  amplifier  output  levels  which  have  occured  since 
1964  — from  9 channels  at  46  dbmv  to  35  channels  at  50  dbmv . 

He  discussed  some  results  of  his  investigations  into 
transistor  and  circuit  limitations.  Some  of  these  were: 

a)  Use  of  low  beta  transistors 

b)  Reduce  circuit  capacitance  so  as  to  flatten 
out  elliptical  load  line  in  super  band. 

c)  Junction  temperature  changes  with  channel 
loading. 

Question : Have  you  looked  into  the  use  of  field  effect 
transistors? 

Answer : Their  gain  per  stage  was  too  low  to  be  practical. 
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: I.KXTCADE  - AN  EVOLUTIONARY  CABLE  SYSTEM 
BY  J,W.  BLANCHARD 

Engmreung  Manager  for  AMEOJ , i::w\ 


iNi'r*  Lif.K *Y l if! 

i ht-  tctai  telecommunications  requirements  of  a cable  system  for 
tiu-  top  i 00  ma/Kets  is  considered,  it  becomes  evident  that  the  con- 
ventional frequency  division  multiplexed  cable  system  lacks  certain 
i mpor  t . ir,  i rV&iures  that  will  be  needed  for  the  metropolitan  areas. 

* !:*:•  r». • cbv i c#u s she : t ccini ngs  are : 

^ lit  transport  high  quality  television  signals 

:**f  distances  encountered  m the  metropolitan 

a f ti  ;*  S • 

^ ’ l%  r-  dtes  net  work  well  m the  high  ambient  signal 

round  m most  large  cities- 

1°  °v£--ome  these  shot  t comings . Ameco  is  introducing  a system  concept 
called  FLEXICADE 

T:ie  name  FLEXICADE  has  been  coined  by  Ameco  to  describe  a total 
concept  m signal  handling  and  distribution  equipment  that  was  designed 
specifically  to  provide  a cable  system  capable  of  meeting  the  multi- 
faceted industrial  artd  community  requirements  that  exist  in  these  metro- 
politan markets  today  At  the  same  time,  however,  FLEXICADE  offers 
aJternate  capabilities  that  can  help  the  small  system  owner  who  needs 
ar.  econommcai  system  to  handle  long  signal  transportation  runs  through 
sparsely  populated  areas. 

A pa:  ii  a I list  of  the  salient  features  of  FLEXICADE  include: 

IV  pictures  can  be  made  available  to  the  customer 
without  influence  of  local  high  ambient  signal 
levels 

Two  way  capability  is  provided  without  group 
delay  distortion. 

Reverse  channel  capacity  is  not  limited  by  the 
system 

Forward  and  Reverse  trunk  capability  may  be 
interchanged  to  meet  changing  requirements. 
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Low  frequency  trunk  system  holds  signal 
degradation  to  a minimum  by  minimizing 
the  amplifier  cascade. 

Systems  are  available  with  12,  20,  24,  26, 

™ 32,  40  channels  as  standard  equipment. 

The  FLEXICADE  concept,  m spite  of  the  impressive  features,  does  not: 
represent  a revolutionary  concept  in  cable  television.  Instead  it  is 
a concept  that  has  evolved  from  Ameco's  DISCADE  / system  design  exper- 
ience The  hardware  that  has  been  designed  to  implement  the  concept 
is  new,  and  designed  with  the  latest  components,  but  the  principles 
are  merely  an  extrapolation  of  existing  techniques  that  have  been 
proven  through  yeacs  of  experience.  Hence,  it  can  be  said  that 
FLEXICADE  is  an  evolutionary  system. 

II.  GENERAL  SYSTEM  DESCRIPTION 

The  FLEXICADE  system  combines  the  virtues  of  space  division  and 
frequency  division  multiplexing  along  with  sub-band  signal  transporta- 
tion to  provide  a variety  of  possible  system  configurations  to  meet 
many  different  requirements.  To  understand  the  various  system  con- 
figurations available,  let  us  first  examine  the  basic  constituent 
elements  that  are  used  to  make  up  the  systems. 

TRANSPORTATION  SYSTEM 


The  FLEXICADE  transportation  system  uses  the  frequency  spectrum 
between  6 and  48  MHz  for  sub-band  signal  transmission  on  conventional 
coaxial  cable.  The  picture  and  sound  carrier  assignments  for  each  of 
the  channels  A1  through  A7,  listed  in  Figure  1,  are  uniformly  spaced 
at  6 MHz  This  allows  a maximum  of  7 television  channels  to  be 
handled  in  the  42  MHz  bandwidth  available. 

There  are  two  versions  of  the  transportation  system  available,  a 4 
channel  per  cable  system  that  uses  Channels  Al,  A4  and  A5  and  A6,  and 
a 7 channel  per  cable  system  that  uses  the  entire  bandwidth  of  the 
transportation  system  to  handle  channels  Al  thru  A7. 

When  the  FM  radio  band  is  being  transported  it  occupies  the  20  MHz 
band  between  15  and  35  MHz  on  the  cable. 

The  amplifiers  that  were  designed  for  this  application  are  Ameco's  new 
SUBNOVA  line  of  R-F.  amplifiers.  These  are  high  quality  trunk  line 
amplifiers  that  use  the  latest  hybrid  push-pull  circuits  to  provide  the 
signal  aiqplification.  A dual  pilot  carrier  AGC  system  is  used  to  pro- 
vide absolute  control  of  output  level  and  slope  over  a temperature  range 
of  -40  to  1-140  degrees  Fahrenheit.  The  basic  amplifiers  are  designed  to 
provide  30  dB  of  flat  gain  over  the  frequency  range  of  2-110  MHz  in  this 
application.  Plug-in  equalizers  provide  gain  equalization  for  the  coax 
cable  over  the  frequency  range  from  6 MHz  to  the  upper  picture  carrier 
at  37.25  MHz  or  43.25  MHz  depending  on  the  number  of  channels  carried  on 
the  cable. 


413 


4 CHANNELS  / CABLE 


jn 

wni 

V// 

Tjjn 

/V// 

rHr  J 

UL 

1 

TIL 

y// 

6 12  18  24  30  36  42  48 

FREQUENCY- MHz 
5 CHANNELS/  CABLE 


w 

iujw 

>Lh 

w. 

Tll 

w> 

w/ 

m 

— i 

6 12  18  24  28  34  40  48 

FREQUENCY— MHz 


CHANNEL 

BAND— MHz 

| CARRIER 

ViSUAL 

FREQUENCY-MHz 

AURAL 

A| 

6-12 

7.25 

11.75 

A2 

12-18 

13.25 

17.75 

a3 

18-24 

19.25 

23.75 

a4 

24-30 

25.25 

29.75 

a4* 

28-34 

29.25 

33.75 

a5 

30-36 

31.25 

35.75 

a5' 

34-40 

35.25 

39.75 

A6 

36-42 

37.25 

41.75 

At 

42-48 

43.25 

47.75 

FIGURE  I - TRANSPORTATION  SYSTEM -SPECTRUM  UTILIZATION 
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Figure  2 graphically  translates  the  loss  of  a cascade  of  32  Sub  Nova 
amplifiers  into  distance  for  three  of  the  standard  size  coax  and 
clearly  illustrates  the  advantages  of  using  low  frequency  for  the 
FLEXICADE  transportation  system. 

Here,  a four  channel  per  cable  system  with  the  upper  picture  carrier 
at  37.25  MHz,  requires  only  32  amplifiers  for  a 47  mile  transportation 
run.  In  other  words,  the  amplifiers  are  spaced  7880  feet  apart  or 
nearly  1,5  miles  when  using  .750  inch  cable.  By  comparison  the  con- 
ventional trunk  amplifier,  with  22  dB  of  gain  at  300  MHz  is  spaced 
2000  feet  using  the  same  size  cable.  The  Sub  Nova  transportation 
system  will  therefore  use  less  amplifiers  by  the  ratio  of  3.94  to  one 
over  the  conventional  system  for  the  same  length  of  transportation  run. 

Ihe  advantages  that  this  offers  should  be  obvious-  Further,  at  the 
end  of  the  32  amplifier  cascade  the  operating  performance  characteris- 
tics of  a 4-channel  system  at  68°.  would  be: 

Signal  - to  - noise  ratio  ^ 45  dB 

Cross  Modulation  distortion  ratio  -60  dB 

2nd  Order  Beat  products  = -61  dB 

Figure  3 tabulates  the  operating  performance  characteristics  of  an 
individual  AGC’d  amplifier  over  the  worst  case  cable  temperature  ex- 
tremes of  -40  to  -*-140°  Fahrenheit.  These  data  take  into  account  the 
action  of  the  amplifiers  as  the  AGC  acts  to  correct  for  the  changes  in 
cable  attenuation  with  temperature.  From  these  tabulated  characteris- 
tics it  car.  be  noted  that  while  the  output  Cross  Modulation  distortion 
changes  very  little  with  temperature,  the  Noise  Figure  changes  by  a 
relatively  large  amount  going  from  6.9  dB  at  +140°F  to  9.6  db  at  -40°F . 
Contrary  to  first  reactions  this  is  not  a bad  situation  since  this  occurs 
at  the  same  time  that  the  input  signal  level  has  increased  from  7 . 3 dBmV 
to  12.8  dBmV.  The  net  result  is  that  at  this  "worst  case"  Noise 
Figure  of  9.6  dB  the  output  signal  to  noise  ratio,  the  parameter  of 
real  concern,  only  degraded  by  0.4  dB  below  the  value  at  68°F . This 
trend  prevails  in  all  cases  with  the  result  that  the  change  in  input 
signal  to  noise  ratio  caused  by  cable  changes  with  temperature  tends 
to  be  offset  by  the  amplifier  Noise  Figure  changes,  thereby  holding 
the  output  signal  to  noise  ratio  relatively  constant. 

In  general  the  Sub  Nova  amplifier  has  been  carefully  designed  to  optimize 
its  performance  characteristics  within  the  framework  provided  by  the  state 
of  the  art  components.  This  means  that  long  amplifier  cascades  can  be 
used  vtfith  minimum  effect  on  the  signals  being  carried. 

Each  Sub  Nova  amplifier  is  symmetrically  packaged  so  the  direction  of 
amplification  can  be  reversed  by  physically  plugging  the  amplifier  into 
its  housing  in  a reversed  sense.  Thus  forward  and  reverse  lines  may  be 
readily  interchanged  as  the  system  needs  change.  Detailed  electrical 
and  mechanical  specifications  are  tabulated  in  Appendix  "A". 


4 CHANNEL /CABLE-EQUALIZED  TO  37.25MHz 
7 CHANNEL/CABLE-  EQUALIZED  TO  43.25MHz 


DISTANCE-  MILES 


FIGURE  2-  CASCADE  DIAGRAM -SUB  NOVA  AMPLIFIER 
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FREQUENCY  TRANSLATION  EQUIPMENT 

Since  the  signals  in  a FLEXICADE  system  are  transported  at  sub-band 
(6-48  MHz)  , frequency  translation  equipment  is  required  at  both  the 
Head  End  and  at  some  other  point  in  the  system  to  make  the  frequency 
transition  from  the  standard  VHF  channels  to  sub-band  and  back  again. 


At  the  Head  End  frequency  translation  is  accomplished  by  a heterodyne 
signal  processor  with  the  output  directly  on  the  sub-band  channel  de- 
sired. The  signal  processor  that  is  used  is  Ameco's  new  MARK  II 
CKANNELEER. 

This  new  MARK  II  CHANNELEER  features: 

. An  FET  front  end  for  better  S/N  ratio  and  over 
load  capability 


These  improved  features  assure  that  the  signal  to  noise  ratio  will  be 
a minimum  of  59  dB,  as  long  as  the  input  signal  is  above  +6  dBmV,  and 
that  all  other  undesired  signals  will  be  at  least  60  dB  below  the  de- 
sired signal  level  under  normal  operating  conditions. 

UNIVERTOR 

Four  models  of  strand  mounted  Hub  Converters  called  Univertors  are 
available  to  convert  the  sub-band  spectrum  back  to  VHF  at  the  end  of 
the  transportation  run.  The  choice  of  which  Univertor  to  use  depends 
entirely  upon  the  services  that  will  be  provided  to  the  customer  and 
the  choice  of  set-top  converter,  if  any,  that  will  be  used. 

MODEL  I UNIVERTOR 

The  frequency  translation  scheme  of  the  Model  I Univertor  is  depicted 
in  Figure  4.  This  particular  conversion  scheme  is  also  compatible  with 
the  TYPE  II  FLEXICADE  system  to  be  explained  later.  Three  input  cables 
with  four  television  channels  per  cable  plus  one  cable  with  FM  radio  are 
provided  at  the  input  to  this  converter.  Conversion  is  accomplished 
with  six  converters.  Three  single  channel  converters  accept  the  6-12 
MHz  band  at  the  input  and  provide  an  output  on  Channels  5,  6 and  13. 

Three  block  converters  accept  an  input  of  24-42  MHz  and  provide  at  the 
output  Channels  2,  3 fi  4,  Channels  7,  8 and  9 and  Channels  10,  11  and  12. 

The  FM  radio  band  is  carried  on  the  trunk  between  15  and  35  MHz  and  is 
block  converted  from  this  spectrum  back  to  the  standard  88  to  108  MHz 
FM  radio  band.  After  conversion  the  FM  is  multiplexed  onto  the  output 
cable  along  with  the  twelve  television  channels. 

The  output  amplifier  of  the  converter  is  a push-pull  hybrid  amplifier 
that  drives  two  output  ports  at  a nominal  output  level  of  +36  dBmV  or 
one  output  port  to  a level  of  +40  dBmV. 


HEAD  END 


Improved  filtering  for  better  adjacent  channel 
selectivity 


Improved  temperature  stability 
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FIGURE  4- FREQUENCY  TRANSLATION  - UNIVERTOR  , MODEL  I 
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In  this  manner  the  output  is  high  enough  so  it  can  drive  a feeder  line 
directly.  This  drive  level  may  be  reduced  from  +40  dBmV  to  +32  HBmV  to 
make  the  output  level  suitable  to  drive  a trunk  line  for  a more  extensive 
distribution  system. 

When  it  is  necessary  selected  VHF  channels  at  the  output  of  the  Model  I 
Univertor  may  be  phase  locked  to  an  off-the-air  TV  channel  tc  minimize 
the  visible  affects  of  local  TV  channel  interference.  Since  these  prob- 
lems are  different  fcr  each  locale,  the  phase  lock  feature  is  customized 
to  meet  the  requirements  of  each  installation 

MODEL  II  UNIVERTOR 

The  frequency  translation  scheme  of  the  MODEL  II  UNIVERTOR  is  depicted 
in  Figure  !?  Here  twc  ir.*pu+  cables  with  television  channels  and  one  with 
FM  are  provided  at  the  input  tc-  the  converter  Conversion  is  accomplished 
with  three  Blcc)<  Converters  Cable  No  1 has  five  television  channels 
on  it  wirh  a 4 MHz  spacing  between  the  3rd  and  4th  channel  When  pro- 
perly block  converged  this  input  spectrum  translates  to  the  Low  VHF 
Band  Television  Channels  2 through  6 Cable  No  2 has  seven  television 
channels  or.  j.t.  in  a corr ; .guous  spectrum  between  6 and  48  MHz  When  pro- 
perly biock  converted  this  input  spectrum  translates  to  the  High  VHF 
Band  television  Channels  through  i3  Cable  No-  3 carries  the  FM  radio 
band  between  if*  and  <5  MHz  and,  as  in  Model  1,  is  block  converted  to  the 
88-108  MHz  band  The  output  multiplexing  is  similar  to  the  Model  I 
Univertor  and  provides  twelve  standard  VHF  television  channels  plus  FM 
radio  at  the  same  output  drive  capability  as  the  Model  I Univertor. 

The  MODEL  II  UNIVERTOR  output  is  compatible  with  the  standard  television 
set  and  no  set-top  converters  are  required  by  the  customer.  Two  MODEL  I 
or  MODEL  II  UN1VERTORS  are  required  for  dual  12  channel  capability. 

MODEL  III  UNIVERTOR 

The  frequency  translation  scheme  of  the  Model  III  Univertor  is  depicted 
in  Figure  6.  Here  four  input  cables  with  television  channels  and  one  with 
FM  radio  are  provided  at  the  input  to  the  converter-  Conversion  is  accom- 
plished with  five  block  converters  The  Low  VHF  Band  is  handled  in  the 
same  manner  as  the  Model  II  Univertor  The  next  three  cables  with  seven 
TV  channels  per  cable  are  block  converted  to  provide  the  Mid-Band,  High- 
Band  and  Super-Band  television  channels  A through  N and  7 through  13. 

Again  FM  radio  is  block  converted  as  described  in  the  Model  I Univertor. 

The  output  multiplexing  is  also  similar  to  the  Model  I Univertor  and  pro- 
vides 26  channels  of  TV  plus  FM  at  the  same  drive  capability  as  this 
Univertor. 

The  Model  III  Univertor  is  compatible  with  most  existing  26  channel  step 
tuned  set-top  converters 

MODEL  IV  UNIVERTOR 

The  Model  IV  Univertor  frequency  translation  scheme,  depicted  in  Figure 
7,  is  identical  to  the  Model  III  Univertor  except  that  the  converters  for 
the  Mid-Band  and  Super -Band  channels  are  arranged  so  as  to  invert  these 
channels.  In  this  manner  the  output  of  this  Univertor  provides  26  channels 
of  television  that  is  compatible  with  the  tunerless  style  of  set-top  convert* 
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FIGURE  5-  FREQUENCY  TRANSLATION- UNI VERTOR,  MODEL  H 
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FIGURE  6-  FREQUENCY  TRANSLATION- UNIVERTOR.  MODEL  HE 
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FIGURE  7- FREQUENCY  TRANSLATION- UNIVERTQR, MODEL  32T 
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Electrical  performance  characteristics  of  a Univertor  insofar  as  overall 
signal  to  noise  ratio  and  cross  modulation  are  concerned  are  approximately 
equivalent  to  one  Bndger  amplifier.  Therefore,  the  affect  of  the  Uni- 
vertor on  system  performance  will  be  minimal.  Exact  performance  charac- 
teristics for  a particular  system  may  be  calculated  using  the  detailed 
specifications  for  the  Uni ver tors  as  tabulated  in  Appendix  "A" 

AREA  DISTRIBUTION  CENTER  & CHANNEL  SELECTOR 


Two  additional  basic  building  blocks  used  in  FLEX1CADE  are  the  Area 
Distribution  Center  'ADC*  and  the  Channel  Selector  These  units  were 
originally  developed  by  Ameco  for  their  DISCADE  system. 

AREA  DISTRIBUTION  CENTER 


The  Area  Distribution  Center  accepts  up  to  10  discrete 
coaxial  cables  at  the  input,  and  under  control  of  the 
customers  channel  selector,  electrcnically  switches 
the  customers  drop  cable  to  any  one  cf  these  10  lines; 
twenty- four  customer  drop  cables  are  switched  in  each 
ADC  housing  Ten  cf  these  ADC's  may  be  cascaded  to 
supply  service  for  up  to  240  customers  from  each  bndger 
output  In  this  configuration  the  ADC  looks  like  240, 
single  pole,  10  position  electronic  coax  switches. 

CHANNEL  SELECTOR 


The  channel  selector  is  placed  at  the  customers  televi- 
sion set  to  interface  between  the  cable  system  and  the 
set.  It  contains  the  necessary  switched  converters  to 
allow  it  to  individually  convert  the  four  sub-band  tele- 
vision channels  on  the  customer  drop  cable  back  to  a 
selected  high  VHF  channel-  Every  fourth  switch  position 
of  the  channel  selector  interrogates  the  ADC  and  causes 
it  to  switch  sequentially  to  another  one  of  the  input 
cables.  With  10  cables  carrying  4 television  channels 
per  cable  at  the  ADC,  the  system  is  capable  of  providing 
up  to  40  channels  of  television  to  the  customer. 

SYSTEM  CONFIGURATIONS 


Using  the  system  elements  just  described  various  cable  system  configurations 
can  be  constructed,  each  of  which  offers  certain  advantages. 

TYPE  I SYSTEM 


The  first  of  these  systems  to  be  examined  is  the  TYPE  I system  illustrated 
in  Figure  8.  This  system  configuration  makes  use  of  the  Sub  Nova  amplifiers 
for  a potentially  long  distance  transportation  trunk  run.  Strand  mounted 
Univertors  are  coupled  to  the  trunk  at  each  distribution  point  in  the 
system.  In  the  simple  distribution  system  the  output  of  the  Univertor 
is  coupled  directly  to  the  customejf  distribution  lines.  In  the  more  com- 
plex case  the  Univertor  may  drive  a distribution  trunk. 
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FIGURE  8— TYPE  X SYSTEM  CONFIGURATION  - UNI  VERTOR  MODEL  X.ILJg.OR  IE 

CONVENTIONAL  ENTERTAINMENT  WITH  REVERSE  FEED 


425 


In  this  latter  case  Pilot  Carrier  generators  are  included  in  the 
Univertor  to  provide  the  Pilot  Carriers  for  AGC  Trunk  Amplifier 
level  control.  Since  any  one  of  the  MODELS  I , II,  III  or  IV 
UNIVERTORS  may  be  used,  several  output  options  are  available  in- 
cluding, single  12  channel,  dual  12  channel  and  26  channel  tele- 
vision. The  26  channel  version,  described  earlier,  is  compatible 
with  most  standard  set-top  converters-  In  all  cases  FM  radio  can 
be  included,  if  desired 

Reverse  feed  capability  is  provided  by  a separate  coax  cable  and 
Sub  Nova  trunk  amplifiers  In  this  manner,  up  to  7 television 
channels  are  available  in  the  reverse  direction  on  a single  cable, 
in  systems  where  high  quality  reverse  channel  capability  will  be 
provided  on  all  channels,  the  reverse  cable  can  and  should  be  en- 
tirely separate  from  the  forward  distribution  system-  However,  in 
cases  where  reverse  feed  capability  directly  from  the  customer  home 
is  desired,  the  NOVA  2-way  line  extender  amplifier  illustrated  can 
be  used  tc  provide  this  capability  and  still  use  the  balance  of  the 
7 channels  for  high  quality  special  customer  service.  Since  the 
distribution  line  amplifier  cascade  will  normally  be  limited  to  a 
maximum  of  fcur  line  extender  amplifiers,  the  TV  channels  that  are 
run  through  these  2-way  line  extenders  will  encounter  a worst  case 
group  delay  distortion  of  less  than  120  nanoseconds  as  a result  of 
the  complementary  filters  in  this  distribution  line- 

TYPE  II  SYSTEM 


The  second  basic  FLEXICADE  system  to  be  examined  is  the  TYPE  II 
system  illustrated  in  Figure  9.  One  of  the  prime  purposes  of  this 
system  is  to  provide  a cable  system  that  can  operate  in  the  high  am- 
bient signal  environments  found  in  large  metropolitan  areas.  To 
accomplish  this  ob}ective  it  is  necessary  that  tho  television  channel 
never  be  carried  on  the  cable  at  the  same  frequency  as  one  of  the 
local  channels  Therefore,  in  the  TYPE  II  system,  instead  of  con- 
verting the  sub-band  frequencies  on  the  trunk  back  to  VHF  for  distri- 
bution the  signals  are  distributed  by  multiple  discrete  coax  exactly 
as  they  are  carried  on  the  trunk  This  is  accomplished  as  illustrated 
with  the  use  of  directional  couplers,  bridging  amplifiers  and  the  Area 
Distribution  Centers  to  supply  the  sub-band  television  channels  directly 
to  the  channel  selector  at  the  customer's  television  set.  The  channel 
selectors  are  customized  for  a particular  installation  to  provide  the 
converted  VHF  signal  to  the  television  set  on  one  of  the  unused  high 
band  channels.  In  this  manner  the  television  channels  are  never 
carried  in  the  system  on  the  same  frequency  as  the  interfering  local 
signals . 

For  those  who  are  familiar  with  Ameco's  hardware  development  activity 
this  TYPE  II  system  is  Ameco's  DISCADE  system  expanded  to  4 channels 
per  cable  and  updated  to  use  the  new  push-pull  amplifiers.  As  a result, 
the  techniques  and  hardware  of  this  system  have  been  tried  and  proved 
in  actual  service. 
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COMBINED  SYSTEMS 


In  most  large  metropolitan  areas  the  cable  system  requirements  will 
vary  from  area  to  area  within  the  city.  In  one  locale  the  prime 
problem  may  be  high  density  housing  with  attendant  strong  interfering 
signal  levels. 

In  another,  more  suburban  area,  these  problems  may  not  exist  at  all. 

A system  designed  to  meet  the  criteria  in  one  area  may  be  completely 
unsuitable  for  application  in  another  area  served  by  the  same  operator. 

FLEXICADE  system  components  can  be  combined  in  various  ways  to  provide 
acceptable  solutions  to  all  of  these  requirements.  Figure  10  illustrates 
a very  simplified  combination  of  a TYPE  I and  TYPE  II  system  that  is 
designed  to  serve  a high  density  industrial/ commercial  complex  as  well 
as  a more  remote  suburban  area.  In  this  illustration,  a local  control 
hub  serves  to  provide  a switching  center,  remote  from  the  Head  End, 
which  will  allow  the  operator  to  adapt  the  system  capabilities  to  meet 
the  variable  services  that  will  be  demanded  by  a dynamic  commercial 
market. 

The  system  illustrated  provides  the  very  flexible  two-way  services 
of  the  TYPE  II  system  for  the  commercial  services  where  high  ambient 
local  signals  would  be  expected.  On  the  other  hand  for  the  regular 
home  entertainment  services  the  TYPE  I system  with  dual  12  channel 
output  capability  provides  a very  acceptable  grade  of  service.  In  this 
manner  set-top  converters  are  not  required  for  the  large  population  of 
customers  in  the  homes.  Channel  selectors  would  be  required  by  those 
served  by  the  TYPE  II  system,  but  this  would  only  be  for  the  relatively 
few  commercial  customer  served. 

A system  with  the  basic  principles  of  the  one  described  above  is 
presently  in  the  first  phases  of  construction  by  AMECO. 

APPLICATION  OF  FLEXICADE 


The  most  comprehensive  application  of  the  FLEXICADE  system  to  date  has 
been  a cable  system  proposed  to  LVO,  in  Tulsa,  Oklahoma,  to  meet  the 
franchise  requirements  for  that  city.  The  capabilities  of  the  system 
design  reflects  some  of  the  potential  that  can  be  achieved  using 
FLEXICADE  system  components  in  combination  with  conventional  equipment. 

SYSTEM  DESCRIPTION 

In  laying  out  the  FLEXICADE  system  design  the  city  is  divided  into  four 
major  geographical  regions  with  a neighborhood  programming  and  distribu- 
tion hub  placed  central  to  each  area,  see  Figure  11.  A fifth  Neighborhood 
Hub  is  located  adjacent  to  a Main  Central  Distribution  Center.  Each 
neighborhood  is  a self  contained  cable  television  system  with  its  own 
receiving  antennas  for  local  television  stations  and  provisions  for  re- 
ceiving up  to  four  distant  microwave  signals.  Each  Neighborhood  Hub 
can  originate  one  channel  of  television  for  distribution  within  its 
neighborhood  or  to  other  neighborhoods. 
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FIGURE  II-  OVERALL  SYSTEM  CONCEPT 
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The  system  supplies  two  services  in  parallel.  The  Primary  System 
supplies  entertainment,  educational  and  information  television  to 
the  general  public  in  the  home  via  low  frequency  FLEXICADE  trunk, 
Univertors  and  a convention  feeder  system.  This  system  has  return 
signal  capability  on  the  feeder  lines  for  transporting  television 
signals  and  data  to  the  FLEXICADE  trunk  which  returns  these  signals 
to  the  central  office  on  a separate  cable. 

A second  set  of  trunk  cables,  lashed  to  the  same  messenger  and 
following  the  same  trunk  routing  as  the  Primary  System  trunk  cables 
will  provide  the  second  service  called  the  METRO  14-14  service. 

This  second  service  provides  very  high  quality  wide-band  signal 
transportation  between  business,  educational,  medical  and  govern- 
ment institutions  and  can  be  patched  to  and  from  the  Primary  System 
as  needed- 

This  second  trunk  will  be  connected  by  short  branch  trunks  as 
required  tc  all  the  key  points  and  will  deliver  14  outbound  channels 
to  these  key  points  in  addition  to  and  completely  separate  from  the 
33  Primary  System  channels  carried  on  the  regular  subscriber  drop. 

In  addition,  14  inbound  or  returning  channels  will  be  provided  on 
this  METRO  14-]4  system  to  distribute  television  or  data  information 
originating  at  any  key  point  to  any  Neighborhood  Hub,  or  to  the  Main 
Distribution  Center  for  switching  to  any  point  in  the  system.  Access 
to  the  METRO  14-14  system  is  through  Univertors  or  special  customized 
single  channel  converters  when  secure  channels  are  desired. 

The  Main  Distribution  Center  will  provide  all  signals  for  the  Primary 
outbound  channels  except  those  originated  at  the  Neighborhood  Hub. 
Patching  facilities  here  permit  routing  any  program  material  origin- 
ated on  the  METRO  14-14  or  returned  from  the  Primary  System  feeder 
lines  to  be  rerouted  to  any  or  all  points  in  the  system. 

The  Main  Distribution  Center  is  coupled  to  the  Neighborhood  Hubs 
by  a long  haul  sub  band  high  quality  super  trunk.  The  outputs  of 
the  Neighborhood  Hubs  are  high  quality  sub  band  trunk  lines  that  are 
coupled  to  Univertors  for  frequency  conversion  and  distribution  of 
the  Primary  service  to  the  general  public. 

The  details  of  signal  multiplexing  and  switching  are  illustrated  in 
a Block  Diagram  of  the  Neighborhood  Hub,  Figure  12,  and  are  left  as 
an  exercise  to  the  interested  reader- 

The  spectrum  utilization  in  this  system  is  illustrated  in  Figure  13. 
Seven  cables  make  up  the  Primary  system,  six  of  these  handle  outbound 
information,  the  seventh  handles  the  5-30  MHz  inbound  television  and 
data  from  the  feeder  system*  The  six  outbound  cables  provide  the 
capability  for  a total  of  33  channels  of  television  plus  FM  radio. 
Twenty-six  of  the  channels  are  planned  for  entertainment,  educational 
and  information  television  services,  the  remaining  seven  channels  of 
spectrum  space  is  available  for  special  television  services  and  data 
communications. 


SUPER  TRUNK  TO  MDC 


431 


II 


CH2 


3 CH.TVj 

I2-I8MHZ 

I8-24MHZ 

28-34MHz 

7 CH. 


CH  6 


CH  8 


CHI 


VIDEO  FROM  MICROWAVE  RELAY 
OF  DISTANT  STATION  , 

_L_  __L  J L 


LOCAL 

ORI6- 


M 


M 


COMBINER 


M 


M 


I 


i 


M 


-a* 


BAND  PASS 
FILTER 
12-34  MHz 


COMBINER 


<rt 


E 

W 

E 

W 


^AGC  TRUNK ^ ^ E 


AMPLIFIER 


W 


6-48  MHz  7 CH. 
(CONV.  TO  CH.  H-ll) 

6-48  MHz  5 CH. 
(CONV. TO  CH.2-6) 

6-48MHZ  7 CH. 
(CONV.  TO  CH.A-6) 


7 CH. 

»w  AGC  TRUNK 

I5-35MHZ  FM 

^AMPLIFIER 
rvAGC  TRUNK-* 

ICH.+  DATA 

^ AMPLIFIER 
^ AGC  TRUNKp^ 

j5-30MHz  FEEDER  RETURN  SIGNALS 

^AMPLIFIER 
^ AGC  TRUNK,-,^* 

^ AMPLIFIER 

E 

W 

£ 

W 

E 

W 

E 

W 


6-48  MHz  7 CH. 

(CONV.TO  CH.I2-N) 

6-48  MHz  FM 
(CONV.TO  88-102 MHz) 

6-48  MHz  (CONV.  TO  CH.  P + 
DATA  AT  252-288  MHz) 


PRIMARY  SYSTEM 


FIGURE  13- FREQUENCY  ALLOCATION  CHART 


432 


l—  <T> 


0> 


* 

U CD 

z 

X 

N 


o 


m 


CD 


> 


-n  H w 
x x c 
m c t> 
o 2 m 

S * * 


9 r 

■<  m 

o o 

o m 

$ ■ 


H 

X 

c 

z 

0) 


z 

m 

H 

X 

o 

» 

£ 


o- 


o 

o 

> 

H 


m 

Z 


3 H 
^ D D 

2 H c 

> O Z 

CD  C x 
r m 
m z -Ti 
wo  r 
k m 
-<  x 

r ° 

F > 
SS 
$ 


o 

H 


CO 

c 

-O 

m 

x 


no 

x 

Z 

> 

-< 

0) 

H 

m 

Z 


o> 


O) 


w 


w 


7 


1 


433 


The  Univertor  Hubs  convert  the  sub  band  signals  on  each  cable  to  the 
spectrum  space  allocated  on  the  feeder  cable  between  54  and  300  MHz. 

The  return  line  provides  25  MHz  of  system  capacity  from  each  and 
every  subscriber  drop  to  the  Neighborhood  Hub  and  on  to  the  Main 
Distribution  Center,  This  25  MHz  bandwidth  will  be  divided  into  one 
television  channel  and  19  MHz  of  bandwidth  for  data  communications. 
This  spectrum  is  strictly  "party  line".  The  television  channel  is 
not  intended  for  use  by  subscribers,  but  as  a quick  method  for  remote 
program  relay  back  to  the  Main  Distribution  Center, 

The  28  TV  channels  for  the  Metro  14-14  facility  are  carried  on  four 
coax  cables  on  sub  band  frequencies  directly  to  the  customer. 

In  summary  the  FLEXICADE  system  for  Tulsa  would  provide  a total  of  58 
television  channels  plus  FM  radio  and  19  MHz  of  data  bandwidth  in  a 
very  flexible  arrangement  that  would  meet  the  requirements  for  this 
city's  franchise 

The  features  of  this  system  that  are  considered  noteworthy  are: 

1.  There  are  no  directional  filters  in  any  part 
of  any  trunk  or  super  trunk,  hence  no  filter 
guard  bands  need  be  allocated  on  the  trunks. 

2.  Normal  outbound  channels  to  all  subscribers  go 
through  filters  only  on  the  feeder  cables  which 
maintains  group  delay  at  a very  low  level. 

3*  The  METRO  14-14  inbound  signals  return  on  cables 
separate  from  the  5-30  MHz  data/remote  TV  signals 
so  no  interference  between  the  two  is  possible. 

4 e The  complete  cable  communications  system  is  an 
enclosed  non-radiating  system  which  does  not  re- 
quire a transmitter  license;  therefore,  FCC 
restrictions  are  minimized.  Signal  format  is 
not  as  restrictive  as  Microwave  Systems. 

5.  Standard  cable  television  test  equipment,  test 
methods,  and  techniques  are  employed  throughout 
the  system.  There  is  no  need  for  special  test 
equipment  or  specially  trained  personnel. 

6.  The  low  frequency  long  haul  FLEXICADE  system 
holds  signal  degradation  to  a minimum  by 
minimizing  the  cascade  of  amplifiers. 


CONCLUSION 


The  FLEXICADE  hardware  and  system  concepts  that  have  been  described 
here  do  not  provide  solutions  to  all  of  the  myriad  of  problems  that 
the  systems  designer  faces.  However/  they  do  add  a substantial  new 
dimension  to  his  "bag  of  tools"  that  will  help  him  to  meet  the 
new  demands  that  will  be  placed  on  him  by  the  expanded  market  place. 


REFERENCE  : 

V Hickman,  J.E.  and  Kleykamp,  G.C. 

"Multi-Cable  Solutions  to  Communications  Systems  Problems", 
presented  to  the  IEEE  CONVENTION,  March,  1971,  New  York,  N.Y. 
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APPENDIX  "A” 

DETAILED  ELECTRICAL  AND  MECHANICAL  SPECIFICATIONS 
I SPECIFICATIONS  - SUBNOVA  TRUNK  AMPLIFIER 


FREQUENCY  RESPONSE  (W/O  Equalizer) 

2-48  MHz 

RESPONSE  FLATNESS  2-48  MHz 

6-48  MHz 

1 .25  dB 
_ .15  dB 

MINIMUM  FULL.  GAIN  (W/O  Equalizer) 

30  dB 

OPERATING  GAIN  (W/  Equalizer) 

26  dB 

*NOISE  FIGURE  @MIN . FULL  GAIN 
(W/O  Equalizer/  f=43.25  MHz) 

7 . 5 dB  MAX 

RETURN  LOSS , IN/OUT  2-48  MHz 

6-48  MHz 

18  dB 
20  dB 

CROSS  MODULATION  4 Ch,  5 dB  Block  Tilt 

7 Ch,  Tapered  Tilt 

-90  dB  @+36  dBmV 
-85  dB  @+36  dBmV 

SECOND  ORDER  BEAT 
HUM  MODULATION 

AGC  RESPONSE  (-3  dB  Of  Cable) 

-76  @+36  dBmV 
-65  dB 
* .25  dB 

SLOPE  RANGE,  MANUAL 

“ 3 dB  Cable 

GAIN  RANGE,  MANUAL 

0-9  dB 

RECOMMENDED  OPERATING  CHARACTERISTICS: 
INPUT  ^HIGHEST  VISUAL  CARRIER 
OUTPUT  0HISHEST  VISUAL  CARRIER 
AMPLIFIER  SPACING  (W/  APPROPRIATE 

+10  dBmV 
+36  dBmV 

EQUALIZER) 

17.-26  dB 

POWER  REQUIREMENTS 

21V  @ 450  MA 

PILOT  CARRIER  FREQUENCIES 

7.25  & 37.25  MHz 

OPERATING  TEMPERATURE  RANGE 

-40°F  to  +140°F 

\ CABLE  EQUALIZATION  RANGE  (W/  plug-in  Equalizers) 

8-26  dB 

I FLAT  GAIN 

9-0  dB 

I SIZE  - Individual  Amplifier 

2"  (W)  x5"  (H)  xl01/4"  (L) 

I Housing  with  (8)  amplifiers  & power  supply 

1 (Exclusive  of  mating  connectors  and  mount- 

1 ing  hardware) 

71/2"  (W)  xl21/2"  (H)  x22J/4,<  (L) 

L *Noise  Figure  ^Operating  Gain,  w/  equalizer 

^ ( f=43. 25  MHz,  Cable  = 68°F)  /j^jg 

8.5  dB 
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II  SPECIFICATIONS  - MARK  II  CHANNELEER 


ELECTRICAL 

Recommended  input  (picture  carrier) : 0 to  +10  dBmV 

Recommended  output:  Visual  carrier  +54  dBmV 

Aural  carrier  +38  dBmV 

Maximum  input  range  (picture  carrier) : -14  dBmV 


Minimum  input  (sound  carrier)  : 
AGC  control: 

Output  level  control: 

Signal  to  noise  Ratio: 

Return  loss  input/output: 

Image  rejection: 

Adjacent  channel 
carrier  rejection: 

Local  oscillators: 

Video  IF  response: 

Carrier  substitution 
oscillator : 

Spurious  signals: 

Power  requirements: 

MECHANICAL 
Physical  dimensions: 


+30  dBmV 

-24  dBmV 
+ 

"0.5  dB  output  change  for  an 
input  change  from  -14  dBmV  to 
+30  dBmV 

12  dB  range  (video- to-audio 
ratio  constant) 

59  dB  Min.  @+6  dBmV  input 
16  dB  (75  ohms) 

60  dB  minimum 


50  dB  minimum 

Crystal  controlled 

41.57  MHz  to  46.50  MHz, 
*0.25  dB 


45.75  MHz,  crystal 
controlled  carrier 

60  dB  below  desired  output 
from  6 to  300  MHz 

95  to  130  VAC,  60  Hz, 

30  Watts 


19  x 17  x 5 - /4  inches 


Weight: 


19  pounds 
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III  SPECIFICATIONS 


UNIVERTOR 


ELECTRICAL 


Input  - (See  Channel  frequency  assignments  in  Figure  1) 


MODEL  Is 


3 Cables  with  Channels  Al,  A4,  A5  and  A6 


MODEL 

II: 

2 

Cables 

- one 

with 

Channels 

, Al 

, A2 , A3,  A4 

one 

with 

Channels 

Al, 

A2 , A3,  A4, 

MODEL 

III  & IV: 

4 

Cables 

- one 

with 

Channels 

Al, 

A2,  A3,  A4' 

three 

with 

Channels 

Al, 

A2,A3,A4,A5 

ALL  MODELS: 


LEVEL: 

RETURN  LOSS: 
NOISE  FIGURE: 


1 Cable  (optional)  with  FM  from  15  to  35  MHz  and 
Pilot  Carriers  at  7.25  MHz  and  37.25  MHz 

Reference  Pilot  Carriers  as  may  be  required  for 
specific  Channel  phase  locking. 


+ 10  dBmV 
16  dB  Minimum 
13  dB  Nominal 


- 3 dB 


(75  ohms) 


Output 

MODEL  Is 

MODEL  II: 
MODEL  III: 


MODEL  IV: 


12  Channels  of  TV , CH.  2-13 
plus  FM  Radio  at  38-108  MHz 
(if  FM  option  specified) 

Same  as  Model  I 

26  Channels  of  TV,  CH.  2-13  and 

Channel  A thru  N - compatible 

with  tuned  set-top  converter,  plus 

FM  at  88-108  MHz  (if  FM  option  specified)  . 

26  Channels  of  TV,  CH.  2-13  and  Channels  7M  thru  13M 
(Mid  Band  channels,);  Channels  7S  thru  13S  (Super  Band 
channels)  - compatible  with  tuner less  set-top  converter, 
plus  FM  at  88-108  MHz  (if  FM  option  specified). 

-Pilot  Carrier  Generator  (optional)  - supplied  as 
part  of  FM  converter. 
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LEVEL: 


+3  2 dBmV  with  Block  Tilt  5 dB  - 12  channels 
+ 32  dBmV  with  Block  Tilt  32/30/28/25  - 26  channels 


+40  dBmV  output  optional  available  with  reduced 
C.M.  characteristics. 

CROSS  MODULATION: 

(-)  72  dB  @+32'‘%BmV  output  - 12  channels 
(-)  70  dB  @+40  dBmV  output  - 12  channels 

(-)  70  dB  @+32  dBmV  output  - 26  channels 
(-)  66  dB  0+40  dBmV  output  - 26  channels 

RETURN  LOSS: 
MECHANICAL 

- 16  dB  minimum  (75  ohms) 

HOUSING: 

71/2"  (W)  x 12  li  " (H)  x 223/4  " (L) 
Exclusive  of  mating  connectors  and  mounting 
hardware 

OPERATING 
TEMPERATURE  RANGE: 

PHASE  LOCKING  CAPABILITY 

-40°F  to  +140°F 

PURPOSE : 

To  provide  a method  for  phase -locking  an 
output  VHF  channel  to  an  off-tile-air  channel 
to  minimize  effects  of  Co-channel  interference. 

METHOD: 

A pilot  carrier,  phase  locked  to  the  off-the- 
air  channel  is  supplied  to  the  Univertor  for 
phase-lock  reference. 

AVAILABILITY: 

On  special  order:  most  channels  can  be 

accommodated. 

ADDITIONAL 

EQUIPMENT 

REQUIREMENTS: 

One  special  unit  is  required  at  the  head  end 
to  derive  the  pilot  carrier  reference  for  each 
off-the-air  channel,  regardless  of  the  number 
of  Univertors  in  the  system. 
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RELIABILITY  THROUGH  TOTAL  AUTOMATION  OF  CATV  SYSTEM  DESIGN 

Ivan  T.  Frisch,  Bill  Rothfarb,  Aaron  Kershenbaum 
Network  Analysis  Corporation 
Beechwood,  Old  Tappan  Road 
Glen  Cove,  New  York  11542 


I . INTRODUCTION 

Within  the  past  few  years  Network  Analysis  Corporation's  computer 
CATV  design  service  has  established  itself  as  the  most  economical 
CATV  system  designer  in  existence.  Repeated  comparisons,  contests 
and  competitions  against  individual  designers,  manufacturers  and 
system  owners  of  all  sizes  and  varieties  have  confirmed  the  economy 
of  NAC's  computer  designs;  examples  of  these  savings  are  well  docu- 
mented. [1-4]  However,  we  often  encounter  the  mistaken  notion  that 
these  hardware  savings  are  made  by,  in  some  sense,  sacrificing  re- 
liability or  flexibility  inherent  in  human  design.  Logical  appraisals 
of  the  question,  and  all  available  experience  indicate  the  contrary. 
In  fact,  this  notion  indicates  a serious  lack  of  understanding  of 
what  constitutes  a "good"  design.  Because  of  the  increasing  com- 
plexity in  new  system  designs,  such  a misconception  can  have  dis- 
asterous  consequences  for  the  system  owner.  Therefore,  with  some 
examples  we  will  illustrate  how  the  system  owner  obtains  a signi- 
ficantly more  reliable  design,  with  more  flexibility  for  system 
modification  and  expansion,  and  with  better  overall  control  of  his 
design  process — through  use  of  NAC's  computerized  CATV  system  de- 
sign service. 

II.  INCREASED  RELIABILITY  AND  FLEXIBILITY  THROUGH  AUTOMATIC  DRAFTING 
To  augment  its  CATV  design  service  NAC  has  recently  completed  an 
automated  drafting  program.  With  this  new  feature,  layouts  devel- 
oped by  NAC's  design  program  are  drawn  as  complete  final  construc- 
tion maps  by  an  automatic  drafting  machine  under  direct  command  of 
the  computer.  With  this  drafting  program  the  system  owner  is  now 
able  to  achieve  levels  of  reliability,  control  and  flexibility  pre- 
viously unavailable  in  the  industry;  the  automated  plotter  provides 
another  bonus  for  -using  NAC's  design  service.  The  specific  advan- 
tages of  automatic  drafting  are  numerous: 

1.  Elimination  of  Drafting  Errors.  One  time-consuming  factor  in 
the  past  has  been  the  drafting  and  checking  of  maps.  Once  a human 
is  introduced  into  the  design-drafting  process,  errors  are  intro- 
duced and  hence  there  is  a need  for  a long  checking  process.  To 
check  a typical  100-mile  system  for  every  tap  value  and  location, 
as  well  as  all  amplifiers,  power  supplies  etc.  takes  a checker 
about  one  week,  and  still  drafting  errors  slip  by.  With  the 
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automatic  plotter, the  layout  is  drafted  exactly  as  designed.  The 
net  result  is  less  headaches  for  construction  crews  and  better 
systems  for  owners. 

2 . Faster  Layouts . The  10-mile  system  shown  in  Figure  2 was 
drafted  by  the  computer  in  15  minutes,  including  aU.  linework  symbols 
and  lettering.  A typical  100-mile  system  is  drawn  automatically 
at  200'  to  the  inch,  in  about  four  hours  of  plotter  time.  In 
other  words,  the  time  to  produce  correct  drawings  has  been  reduced 
by  a factor  of  20  over  the  efforts  of  a draftsman  and  checker. 

3.  Complete  Flexibility  in  Drawing  Modifications.  As  any  system 
designer  knows,  very  few  layouts  remain  untouched  once  they  are 
completed.  Strand  changes  are  discovered.  Telephone  poles  seem 
to  move  with  a life  of  their  own  and  people  are  found  to  live  on 
unmapped  streets.  Often  these  sections  are  redesigned  on  the 
spot.  The  new  information  can  then  be  fed  to  the  program  which 
will  modify  the  appropriate  sections  of  layout  or  redraw  a whole 
map,  or  a whole  system  as  the  user  wishes. 

4.  Complete  Flexibility  in  Presentation.  The  computer  can  make 
the  drawings  to  any  scale.  You  may  want  one  drawing  at  200'  to 
the  inch  and  another  overview  drawing  at  400'  or  1000'  to  the 
inch.  Instead  of  resorting  to  microfilm  and  photo  reduction  meth- 
ods, the  plotter  will  simply  produce  the  required  drawing.  It 
can  isolate  any  section  of  the  design  and  draw  it  to  any  required 
scale.  For  example,  it  can  break  out  the  trunk  routing  as  a sep- 
arate drawing. 

5.  Complete  Flexibility  in  Format.  The  program  has  a library  of 
symbols  that  can  be  used  for  any  particular  device.  If  the  system 
owner  wishes  a different  symbol,  it  can  easily  be  added  to  the  li- 
brary. At  present  we  have  all  the  NCTA  standard  symbols  in  the 
library  as  well  as  many  variations  of  these  symbols  in  use  by  our 
clients.  Thus,  for  example  the  symbols  for  trunk  bridgers  and 
directional  couplers  shown  in  Figure  3,  are  all  in  the  library, 
even  though  the  last  symbol  for  the  trunk  bridger  is  not  a stan- 
dard NCTA  symbol. 

In  summary,  automated  drafting  produces  its  results  faster  than 
humans  without  introducing  drafting  errors.  The  system  owner  does 
not  have  to  choose  speed  or  reliability;  he  gets  speed  and  reliabi li ty . 

III.  INCREASED  FF-T.TABILITY  AND  FLEXIBILITY  THROUGH  COMPUTER  DESIGN 
One  of  the  most  persistent  misconceptions  fostered  by  manual 
designers  is  that  they  "overdesign"  a system  by  putting  extra 
amplifiers  in  so  that  they  have  more  reliability  and  more  slack 
for  flexibility.  This  is  absolutely  false . There  is  indeed  extra 
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equipment  and  more  cost*  But,  obviously,  with  more  electronics 
there  are  more  failure-prone  elements  in  the  system  and  less 
overall  reliability. 

For  example,  the  design  in  Figure  4. a.  shows  an  industry  manual 
design  for  one  section  of  a larger  100— mile  system.  The  computer 
design  for  the  same  section  is  shown  in  Figure  4.b.  The  manual 
design  has  4 'more  extender  amplifiers  than  the  computer  design. 
Furthermore,  there  are  3 places  where  there  are  3 extenders  in 
cascade  in  the  manual  design  whereas  there  are  none  in  the  com- 
puter design.  The  computer  design  is  obviously  more  reliable. 

In  general,  if  reliability  data  is  available  for  different  types 
of  amplifiers,  such  as  trunk  and  extender  amplifiers,  the  computer 
will  take  them  into  account  trading  off  amplifiers  for  the  best 
design. 

The  claims  for  added  slack  and  flexibility  in  manual  designs  also 
turn  out  to  be  patently  false  upon  examination  of  the  available 
evidence.  As  an  example,  the  minimum  input  level  to  extender  am- 
plifiers in  the  design  in  Figure  4 was  20dBmV.  For  the  computer 
design,  signal  levels  are  high  enough  so  that  the  feeders  could 
be  extended  or  taps  could  be  added  if  necessary  without  adding 
extender  amplifiers.  In  the  manual  design,  some  of  the  end  levels 
are  tighter  even  though  there  are  more  amplifiers.  Furthermore, 
the  computer  designed,  system  is  easier  to  expand  or  change  be- 
cause there  are  only  two  extenders  in  cascade. 

The  net  result  is  that  the  manual  design  with  more  electronics 
is,  in  every  sense,  a poorer  design — more  expensive,  less  reli- 
able and  less  flexible.  The  manual  design  has  wasted  electronics 
which  in  no  sense  adds  to  the  system  performance — only  the  system 
cost.  The  way  to  improve  system  reliability  is  to  first  adopt 
more  rigid  system  specifications.  With  computerized  design,  it 
is  actually  possible  to  design  to  significantly  tighter  specifi- 
cations with  no  additional  cost  over  a more  poorly  performing 
manual  design. 

Reliability  in  Meeting  Design  Specifications 

In  addition  to  drafting  errors  and  poor  designs,  one  of  the  pri- 
mary hazards  of  manual  designs  to  system  owners,  builders  and 
users  are  good  old-fashioned  errors  and  blunders.  Sometimes 
these  are  errors  in  bills  of  materials,  but  more  often,  and  more 
seriously  they  are  technical  errors  which  make  the  system  unreli- 
able, or  indeed,  incapable  of  meeting  contractual  specifications. 

The  types  of  errors  made  by  manual  designers,  of  course,  include 
every  possible  error  that  can  be  made.  Some  of  the  more  preva- 
lent and  representative  types  that  we  have  come  across  are  shown 
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in  the  examples  below.  Needless  -to  say,  the  computer  carnot  make 
these  errors. 

a.  Signal  levels  at  subscriber  taps.  In  the  portion  of  the 
industry  design  shown  in  Figure  5,  the  output  levels  of  the  taps 
are  given.  The  required  tap  output  level  is  10  dBmV.  Note  that 
on  one  tap  the  signal  level  is  3 db  too  low — the  customer  is  re- 
ceiving only  one  half  his  required  signal  power.  This  is  one  of 
the  most  persistent  types  of  industry  fudges.  In  one  industry 
design  the  signal  at  over  20%  of  the  taps  did  not  meet  the  required 
output  level.  With  proper  design  this  type  of  fudge  is  unecessary. 

b.  Trunk  spacing.  In  Figure  6 is  an  industry  design  in  which  the 
required  22db  trunk  spacing  is  exceeded  by  .97  db.  Errors  on  the 
trunk  of  this  sort  are  truly  unfortunate  since  the  resulting  dis- 
tortion propagates  throughout  the  remainder  of  the  system.  In 
major  markets  where  cable  signals  are  competing  with  off-the-air 
pickup,  the  resulting  poor  quality  pictures  are  particularly 
serious . 

c.  Power  requirements.  Figure  7 shows  an  industry  design  with 
6 extender  amplifiers  drawing  power  from  one  output  of  a trunk 
bridger  amplifier  thereby  exceeding  the  power  passing  capability 
of  the  bridger.  This  means  that  subscribers  will  not  be  getting 
decent  service  until  a section  of  the  system  is  rebuilt. 

Our  experience  has  shown  that  these  types  of  errors  pccur  re- 
peatedly in  manual  designs.  Why  are  there  so  many  errors  in 
layouts  produced  by  industry  designers?  There  is  probably  no 
single  reas&n  although  there  are  obviously  many  critical  factors. 

The  quality  of  designers  in  the  industry  varies  greatly.  A 
designer  with  five  years  experience  is  usually  superior  to  a 
designer  with  one  year  of  experience.  With  the  rapid  turnover 
of  designers  and  the  rate  of  introduction  of  new  lines  of  equip- 
ment many  designers  don't  get  much  experience  with  particular 
equipment.  With  those  that  do,  the  "Peter  Principle"  takes  its 
toll:  good  designers  don't  usually  end  up  being  good  designers 

— they  end  up  being  managers.  So  the  really  good  people  are 
probably  not  doing  your  design.  For  example,  in  tests  that  we 
have  seen,  one  manufacturer  ran  the  same  system  through  ten  de- 
signers and  had  a 15  percent  variation  in  cost  among  his  own 
staff.  As  another  example,  for  our  tiny  1971  NCTA  Convention 
contest  system  of  2.9  strand  miles  there  was  a 17%  variation  in 
cost  among  the  entries  of  the  human  designers  and  35%  of  them 
were  incorrect  because  of  significant  errors  either  in  the  bill 
of  materials  or  actual  design.  This  shows  just  how  inconsistent 
the  output  of  a designer  really  is. 
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The  time  factor  is  also  critical.  The  contest  winners  told  us 
they  had  spent  50  hours  to  design  the  three-mile  system.  When 
a professional  designer  tells  you  he  designs  five  to  ten  miles 
a day,  you  should  suspect  that  you  are  not  getting  the  best 
design.  For  example,  in  many  cases  the  designers  may  realize 
that  to  properly  eliminate  an  extender  amplifier  that  is  a few 
hundred  feet  from  the  end  of  a feeder  would  require  some  straight- 
forward but  laborious  manual  redesign.  Rather  than  do  this,  he 
will  eliminate  the  amplifier  anyway  by  cheating  on  some  tap  out- 
puts and  the  system  owner  gets  an  inferior  system. 

If  the  situation  is  bad  now,  there  are  indications  that  it  will 
become  worse.  If  the  recent  FCC  rulings  lead  to  a spurt  in  con- 
struction, the  present  designers  are  clearly  going  to  be  swamped. 
The  typical  design  will  be  even  poorer  and  may  take  longer  to 
produce.  The  FCC  decision  makes  the  computer  not  only  a useful 
tool  but  a vital  one.  It's  a lot  easier  to  manufacture  twice  as 
much  equipment  as  it  is  to  create  twice  as  many  good  designers 
and  designs.  If  manufacturers  and  MSO's  were  to  try  to  staff  up 
to  handle  the  new  volume,  the  lack  of  training  and  experience  of 
the  new  designers  would  only  magnify  their  existing  difficulties 
due  to  normal  time  pressures  and  unfamiliarity  with  new  equipment. 

IVj INCREASED  CONTROL  THROUGH  NAC  1 S COMPUTER  CATV  DESIGN 

Because  of  its  speed,  reliability  and  flexibility,  NAC's  CATV 
design  service  offers  the  system  owner  more  control  of  his  system 
through  a more  precise  and  complete  understanding  of  his  system 
cost  and  performance.  This  applies  at  every  stage— -proposal, 
system  design  and  system  construction. 

1.  Proposal.  NAC's  design  service  enables  an  MSO  bidding  for  a 
franchise  to  obtain  fast,  accurate  and  reliable  bills  of  mater- 
ials. Repeated  designs  can  be  made  for  different  lines  of  equip- 
ment, different  head  end  locations,  different  population  densities 
and  different  trunk  routings.  The  computer  can  generate  several 
bills  of  materials  and  the  plotter  can  draft  error-free,  all  parts 
of  the  design,  such  as  trunk  routing,  to  any  desired  scale  for 
each  design.  Instead  of  having  to  rely  on  one  partial  design  and 
rule  of  thumb  estimates,  the  MSO  can  proceed  with  confidence  that 
he  has  accurately  evaluated  all  cost-performance  tradeoffs. 

Since  the  program  and  automatic  plotter  are  so  fast,  they  can  be 
of  great  assistance  at  even  the  most  preliminary  stages  of  system 
evaluation.  Suppose  you  have  a street  map,  the  locations  of  poles 
and  an  estimate  of  the  number  of  houses  to  be  fed  from  each  pole 
but  you  do  not  yet  have  a strand  map.  The  computer  will  draw  a 
best  system  design  along  with  the  strand  map  that  goes  with  it. 
This  strand  can  then  be  fed  to  the  computer  and  the  appropriate 
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parts  of  the  layout  can  be  redesigned.  Thus,  the  program  is 
even  useful  in  formulating  a strand  map. 

If  you  do  not  have  pole  locations  but  the  street  map  is  drawn 
to  scale  or  you  have  an  aerial  photograph,  the  program  can  de- 
sign with  poles  spaced  on  an  average  pole  span  basis  to  obtain 
a dedicated  design.  Designs  can  be  made  for  different  population 
densities  and  saturations.  Our  experience  has  been  that  even  if 
only  the  street  map,  estimated  population  densities  and  selected 
equipment  line  are  given,  the  computer  estimate  of  hardware  cost 
is  within  10%  of  the  cost  of  the  final  design. 

2.  System  Design.  At  the  design  stage  the  MSO  has  the  assurance 
that  he  has  the  best  design  at  every  step  and  that  it  is  free  of 
design  and  drafting  errors.  Changes  to  the  strand  map  or  system 
requirements,  can  be  fed  to  the  computer  and  the  design  modified 
according  to  the  current  information.  Because  of  the  speed  of 
the  design  process,  the  MSO  can  have  a firm  idea  of  his  system 
progress  at  an  earlier  stage. 

To  do  a computer  design  we  input  more  data  than  needed  so  the 
computer  can  cross  check  the  information.  With  this  automated 
checking,  the  computer  can  produce  designs  in  roughly  a half  to 
a third  of  the  time  that  human  beings  would  require.  With  most 
customers  we  have  found  that  an  acceptable  arrangement  is  de- 
livery of  the  first  100  miles  in  three  weeks  with  each  subse- 
quent 100  mile  section  in  two  weeks.  This  fits  in  well  with 
their  construction  and  our  production  schedules.  However,  we 
work  very  closely  with  our  clients  and  are  responsive  to  their 
needs.  If  the  system  owner  is  rushed  for  a design,  we  can  de- 
liver 100  mile  sections  at  the  rate  of  one  per  week. 

3.  System  Construction.  Once  the  layout  is  completed  and,  for 
example,  changes  in  strand  occur  there  are  several  possible 
choices  for  handling  it.  (1)  If  the  changes  are  extensive  and 
nonlocal  the  data  can  be  changed  in  a matter  of  minutes  and  the 
computer  run  to  obtain  a new  design.  (2)  If  the  changes  are 
localized,  the  computer  redesign  may  be  restricted  to  a portion 
of  the  layout.  (3)  If  the  changes  are  relatively  minor,  they  can 
be  fed  to  the  program  which  will  change  the  computer  drawings. 

All  these  modes  are  made  simply  by  the  flexibility  inherent  in 
the  computer  design  and  drawing. 

v . CONCLUSION 

NAC  has  recently  converted  the  output  of  its  computer  CATV  design 
program  to  automatically  drafted  layouts.  This  automatic  error- 
free  drafting  combined  with  the  speed  and  reliability  of  the  com- 
puter designs  make  NACb  computer  CATV  design  service  the  most  reliable 
and  fastest  CATV  designer  in  existence — as  well  as  the  most  economical. 
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FIGURE  CAPTIONS 


A Calcomp  plotter  drawing  a CATV  layout  under  the  control  of 
NAC's  Computer  CATV  design  program. 

A photograph  of  part  of  a 10  mile  layout  drawn  at  200'  to  the  inch  by 
NAC’s  automated  plotter.  The  automatic  drafting  time  was  15 
minutes. 

Some  of  the  symbols  used  by  NAC's  clients  which  are  in  NAC's 
computer  library  of  sumbols.  Others  can  be  added  easily. 

Comparison  of  NAC’s  computer  design  with  an  industry  manual 
design  shows  NAC's  design  more  reliable  because  of  fewer  amplifiers 
— and  with  more  slack  and  flexibility  for  modification  and  future 
growth.  (a)  An  industry  design.  (b)  NAC's  computer  design. 

An  industry  manual  design  in  which  tap  output  levels  do  not 
meet  specifications. 

An  industry  manual  design  in  which  trunk  spacing  violates  system 
requirements . 

An  industry  manual  design  in  which  power  passing  capability  of 
a trunk  bridger  amplifier  is  violated. 
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RETURN  SYSTEM  AGC  IN  TWO-WAY  CATV  SYSTEMS 

Henry  B.  Marron  & Lawrence  I.  Fawber 
Jerrold  Electronics  Corporation 
Hatbobo,  Pennsylvania 


INTRODUCTION 


I.  This  paper  will  examine  the  problem  of  automatic  gain  control 
(AGC)  for  the  return  direction  in  two-way  systems.  In  contrast  to 
the  downstream  direction  where  one  or  two  pilots  are  distributed 
over  the  system,  a return  system  will  use  a multiplicity  of  pilots. 
These  pilots  are  injected  at  svstem  extremeties  and  travel  back  to 
the  head  end  unless  prevented  from  so  doing.  The  problems  and 
desirability  of  stopping  pilots  is  considered  as  applied  to  various 
types  of  pilot.  The  types  of  pilot  considered  include  CW  pilots, 
audio  frequency  modulated  pilots,  pilots  with  synchronized  fre- 
quencies and  also  pilot  control  signals  consisting  of  band 
limited  white  noise. 

The  problem  of  location  of  return  pilot  generators  is  examined 
along  with  the  necessity  for  precise  level  control  of  all  imput 
signals  for  the  return  system.  The  latter  consideration  becomes 
obvious  when  one  realizes  that  the  only  reason  for  using  automatic 
gain  control  in  a system  is  to  preserve  the  system  tolerance, 
even  if  the  automatic  gain  control  performance  in  a system  is 
perfect. 
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II.  The  AGC  requirements  for  a two-way  system  in  the  forward  direction 
are  essentially  the  same  as  for  a typical  one-way  system.  The  control 
signals  normally  used  are  CW  pilot  carrier,  modulated  pilot  carrier, 
or  an  off  air  video  signal.  The  choice  is  usually  determined  by 
system  or  equipment  requirements. 

In  the  forward  direction,  the  signals  entering  the  system  can  be 
tightly  controlled  at  the  head  end  and  there  is  a known  relationship 
between  the  levels  of  these  signals  and  the  pilot  carrier  levels. 

Since  the  signals  all  enter  the  system  at  a common  point,  the 
relationship  between  these  signals  remains  constant  at  this  point. 

If  the  system  is  designed  so  that  the  pilot  carrier  or  carriers 
control  both  amplifier  gain  and  tilt  then  the  signal  levels  will 
remain  constant  relative  to  the  pilot  carrier  level  throughout  the 
entire  system. 

In  the  return  direction,  however,  the  situation  is  not  nearly 
so  simple.  Each  trunk  termination  where  return  signals  may  be 
entering  the  system  must  be  considered  as  a separate  head  end. 

Since  the  distance  from  the  many  various  points  of  origination  to  a 
common  point  for  both  the  return  signals  and  the  return  pilot  carriers 
are  not  the  same,  there  is  no  fixed  relationship  between  the  levels 
of  these  signals  and  the  levels  of  the  return  pilot  carriers.  Under 
these  conditions,  the  return  pilot  carrier  is  primarily  a system 
gain  control.  Level  control  must  be  achieved  by  other  methods  which 
will  be  discussed  later. 

Let  us  now  look  at  the  above  mentioned  signals  which  are 
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typically  used  for  AGC  control  in  the  forward  direction  and  examine 
their  adaptability  as  a reference  signal  for  the  return  system  AGC. 

I.  CW  Pilot  Carrier 

Using  a CW  pilot  carrier  for  AGC  control  in  the  return  direction 
on  a two-way  cable  system  can  cause  a number  of  problems.  In  the 
forward  direction  one  or  two  pilot  carriers  or  control  frequencies 
are  chosen.  These  pilot  carriers  follow  the  many  branches  in  the 
system  outward  and  appear  at  the  termination  of  every  trunk  branch. 

In  the  return  direction,  however,  a pilot  carrier  would  have  to 
be  originated  at  many,  if  not  all,  of  these  branch  terminations. 

Unless  the  frequency  of  these  pilot  carriers  is  precisely  controlled 
from  the  head  end,  it  is  very  unlikely  that  any  two  pilot  carriers 
would  have  exactly  the  same  frequency  (±.005%  for  crystals  frequently 
used  in  CATV  equipment).  Two  different  pilot  carriers  with  slightly 
differing  frequencies  would  be  combined  at  a branch  juncture.  At  the 
first  AGC  station  following  this  branch  junction  there  would  be  a 
6db  increase  in  pilot  carrier  level  relative  to  the  desired  carrier 
levels.  At  every  branch  junction  (a  split  in  the  forward  direction) 
in  the  system,  the  total  pilot  carrier  energy,  assuming  a peak  detector 
in  the  AGC,  would  be  the  voltage  addition  of  the  pilot  carrier  signals 
in  the  two  combining  branches. 

In  addition,  the  combination  of  two  pilot  carriers  differing 
slightly  in  frequency  would  appear  effectively  as  a single  side  band 
modulated  carrier  with  the  frequency  of  modulation  equal  to  the 


458 


difference  in  frequency  between  the  two  pilot  carriers.  If  the  circuitry 
in  the  AGC  were  not  capable  of  removing  the  modulation,  it  would  be 
transferred  to  every  other  carrier  passing  through  the  amplifiers  under 
control  of  that  particular  AGC  circuitry. 

Trapping  out  one  of  the  carriers  by  39db  or  more  before  combina- 
tion would  insure  that  the  combination  of  the  two  carriers  would  be 
no  more  than  .ldb  above  the  original  pilot  carrier  level  at  every 
branch  junction.  Each  pilot  carrier  junction  would  add  an  additional 
.ldb  to  the  pilot  carrier  level.  This  would  prevent  a rapid  buildup 
of  the  pilot  carrier  level  but  would  not  completely  solve  the  problem 
that  the  main  pilot  carrier  which  is  not  trapped  out  would  be  modulated 
by  all  the  pilot  carriers  that  were  trapped  out.  In  any  event, 
attainment  of  39db  of  trapping  would  be  expensive  and  difficult  to 
achieve.  It  would  also  introduce  additional  chroma  delay  into  the 
system. 

II.  CW  Pilot  Carrier  with  the  Frequency  Controlled  from  the  Head  End 

It  would  be  feasible  to  precisely  control  the  frequency  of  the 
return  pilot  by  originating  a single  carrier  at  the  head  end  and 
sending  it  through  the  system  to  the  branch  terminations  where  it 
would  be  received  and  counted  down  in  frequency.  A sub  harmonic  of 
the  source  signal  could  then  be  used  as  the  pilot  carrier  for  the 
return  system. 

A major  problem  with  this  scheme  is  the  phase  relationship  between 
two  return  pilot  carriers  at  a branch  junction.  Since  the  round  trip 
distance  from  a branch  split  to  the  branch  terminations  and  back  to 
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the  branch  junction  will  not  necessarily  be  the  same  for  both  branches, 
the  two  return  pilot  carriers  will  appear  at  a branch  junction  with  a 
phase  relationship  which  is  dependent  upon  the  difference  in  length 
between  the  two  branches. 

For  example,  on  the  trunking  diagram  in  figure  1,  the  reference 
carrier  passing  through  Amp  #2  in  the  forward  direction  would  be 
split  just  beyond  Amp  #3r-and  continue  on  to  the  branch  terminations 
Tl  and  T2  where  it  would  be  counted  down  and  returned  to  the  branch 
junction  just  before  Amp  #3.  At  the  branch  junction  the  two  pilot 
carriers  would  be  combined  and  continue  on  to  the  return  AGC  amplifier 
at  Amp  #2/  The  round  trip  difference  in  path  length  of  the  two 
signals  would  be  two  spans,  or  approximately  4,000  feet.  Assuming  a 
sub  split  system  with  90  Mhz  outgoing  for  the  reference  carrier  and 
30  Mhz  for  the  return  pilot  carrier,  there  would  be  a difference  of 
223^46  wave  lengths  out  and  74.49  on  the  return  for  a total  difference 
of  297.95  wave  lengths,  which  would  put  the  two  return  pilot  carriers 
18°  out  of  phase.  (See  Addendum  I) 

This  in  itself  is  not  too  important.  What  is  critical,  however, 
is  the  change  in  phase  relationship  with  temperature.  A complete  180° 
phase  shift  between  the  two  return  pilot  carriers  would  occur  with  a 
change  in  round  trip  electrical  length  of  only  6.71  feet  (see  Addendum  I). 
Assuming  that  the  electrical  length  of  cable  changes  approximately 
. 1%/°F  or  1 ft./°F  per  1,000  feet,  a temperature  change  of  1.67°F  would 
cause  a complete  180°  shift  in  the  phase  relationship  between  the  two 
return  pilot  carriers.  The  two  return  pilot  carriers  would  swing  between 
in  phase  voltage  addition  and  complete  cancellation  with  the  slightest 
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change  in  temperature.  This  signal  variation  would  also  appear  to  the 
AGC  circuitry  as  a double  side  band  AM  modulated  wave.  Since  the 
frequency  of  modulation  would  be  typically  much  less  than  one  cycle 
per  minute,  it  could  not  be  filtered  out  by  any  practical  AGC 
circuitry  and  the  return  system  levels  would  hunt  continuously. 

Assuming  a mid  split  system  with  242  Mhz  outgoing  for  the  reference 
carrier  and  121  Mhz  for  the  return  pilot  carrier,  there  would  be  a 
difference  of  601.01  wave  lengths  out  and  300.51  wave  lengths  on  the 
return  for  a total  difference  of  900.51  wave  lengths  which  would  put 
the  two  return  pilot  carriers  184°  out  of  phase.  (See  Addendum  1) 

The  phase  shift  vs.  temperature  for  the  mid  split  system  is  even  more 
radical  than  for  the  sub  split  system.  A complete  180°  phase  shift 
between  the  two  return  pilot  carriers  would  occur  with  a change  in 
round  trip  electrical  length  of  only  2.22  feet  (see  Addendum  I). 

Assuming  that  the  electrical  length  of  cable  changes  approximately 
1 ft./°F  per  1,000  feet,  a temperature  change  of  ,55°F  would  cause  a 
complete  180°  shift  in  the  phase  relationship  between  the  two  return 
pilot  carriers. 

III.  Modulated  Pilot  Carrier 

The  use  of  a return  pilot  carrier  with  a single  modulating 
frequency  would  incur  essentially  the  same  problems  as  would  be 
incurred  with  use  of  a CW  ’•eturn  pilot  carrier.  These  problems 
could  be  circumvented  by  using  a different  crystal  controlled  modu- 
lating frequency  in  the  range  of  1 Khz  to  10  Khz  for  every  return 
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carrier  generator  in  the  system.  The  return  AGC  amplifiers  could  then 
be  designed  with  a very  sharply  tuned  audio  filter  to  respond  only  to 
the  appropriate  return  pilot  carrier,  ignoring  all  others.  This 
would  entail  the  use  of  matched  return  carrier  generators  and  AGC 


allow  for  no  interchangeability  of  return  carrier  generators  or  AGC 
amplifiers . 

In  order  to  prevent  amplifier  overload  due  to  an  increase  in  the 
number  of  return  pilot  carrier  signals  on  the  system  as  you  approached 
the  head  end,  it  would  be  necessary  to  utilize  some  pilot  carrier 
trapping  at  various  locations  in  the  system. 

Use  of  a modulated  pilot  carrier  in  the  forward  direction  only, 
however,  does  have  some  advantages  over  use  of  a CW  pilot  carrier  in 
that  it  simplifies  the  AGC  circuitry  and  the  problems  involved  in  the 
temperature  stabilization  of  a DC  amplifier. 

It  does,  however,  present  the  possibility  of  modulation  transfer. 

This  is  the  phenomenon  of  the  transfer  of  the  modulation  of  the  pilot 
carrier  through  the  action  of  the  AGC  to  every  channel  passing  through  the 
amplifier  controlled  by  the  AGC.  The  time  constant  or  filtering 
action  of  the  AGC  should  be  capable  of  rejecting  the  pilot  carrier 
modulation  so  that  the  transferred  modulation  is  down  at  least  -90db 
or  by  an  amount  equivalent  to  the  crossmod  specification  of  the 
amplifier  for  full  channel  loading  at  operational  output  levels. 

To  fully  appreciate  the  modulation  transfer  caused  by  amplifier 
gain  variations  which  occur  at  the  modulating  frequency  rate,  consider 


amplifiers  which  would  in  turn  cause  a tremendous  stocking  problem  and 
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that  a gain  change  of  0.057>  is  equivalent  to  -60db  crossmod.  (See 
Addendum  II)  It  should  be  noted  that  AGC  amplifiers  which  were 
designed  to  operate  strictly  from  a CW  pilot  carrier  should  be  checked 
very  carefully  for  modulation  transfer  before  they  are  used  in  a system 
with  a modulated  pilot  carrier.  It  is  most  likely  that  they  will  be 
found  to  be  unsatisfactory. 

Use  of  a live  video  signal  for  a return  pilot  carrier  may  be 
considered,  however  there  is  no  guarantee  of  the  presence  of  a live 
video  signal  in  the  branch  to  be  controlled  at  any  particular  time. 

It  would  be  necessary,  therefore,  to  employ  one  of  the  types  of  return 
carrier  generators  previously  discussed  for  use  as  a standby  carrier 
generator. 

The  three  types  of  return  pilot  carrier  systems  which  we  have 

just  discussed  all  have  some  serious  drawbacks  which  make  their  use 

difficult  or  impractical,  if  not  impossible.  Another  type  of  signal, 

0 

however,  which  appears  to  have  excellent  potential  as  a return  pilot 
carrier  is  a white  noise  signal. 


IV.  Narrow  Band  Noise  Spectrum  as  a Pilot  Carrier 

Consider  the  use  of  a 1 Mhz  wide  white  noise  spectrum  as  pilot 
carrier  for  the  return  AGC  system.  White  noise  may  be  defined  as  a 
random  process  with  constant  spectral  density.  The  random  signal 
distribution  and  phase  relationship  of  this  type  of  signal  will 
prevent  the  modulation  and  phasing  problems  encountered  with  the 
mixing  of  two  or  more  coherent  signal  sources  as  in  the  previous 


cases . 
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In  order  to  keep  the  return  pilot  carrier  level  from  building  up 
every time  two  AGC  controlled  branches  are  combined  it  will  be  necessary 
to  trap  out  one  half  of  the  return  pilot  carrier  whenever  combination 
occurs.  This  could  be  accomplished  by  trapping  out  one  of  the  pilot 
carriers  by  16db  or  more, as  opposed  to  39db  or  more  for  the  combination 
of  two  coherent,  signals  and  allowing  the  other  to  continue  unimpeded. 

A more  reasonable  approach  would  be  to  allow  the  two  pilot  carriers  to 
combine  at  a branch  junction  and  then  trap  the  resultant  signal  by  3db. 

One  advantage  of  this  method  is  that  now,  no  one  return  pilot 
carrier  is  originating  from  a primary  or  controlling  source.  Since 
each  pilot  carrier  source  is  contributing  only  a fractional  part  to 
the  total  pilot  carrier  energy,  failure  of  any  one  pilot  carrier 
source  will  not  cause  a complete  disruption  of  system  levels.  For 
example,  refer  to  the  trunking  diagram  in  figure  1.  Note  that  there 
are  a total  of  six  return  pilot  carrier  sources,  one  located  at  each 
of  the  following  branch  terminations:  Tl,  T2,  T4,  T5,  T7  and  Til. 

If  any  one  of  these  sources  failed,  the  change  in  level  at  Amp  #1  due 
to  this  failure  would  be  10  log^l-"^  where  N is  the  number  of  times 
the  pilot  carrier  is  combined  with  pilot  carriers  from  other  branches. 

Let  us  examine  in  detail  the  resultant  level  changes  which 
would  occur  with  complete  failure  of  one  or  more  of  tne  return  system 
pilot  carriers.  Whenever  a pilot  carrier  is  combined  and  trapped 
down  3db  there  will  be  remaining  1/2  of  its  original  signal  energy. 
Every  time  two  return  pilot  carriers  are  combined,  the  remaining 
energy  will  be  one  half  the  sum  of  the  two  pilot  carriers  before 
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combination.  If  a pilot  carrier  from  a specific  return  carrier  genera- 
tor is  combined  and  trapped  3 times,  its  remaining  energy  level  will 
be  1/2n  or  1/8  of  its  original  energy  level. 

If,  for  example,  Amp  #10  were  receiving  pilot  carrier  energy  from 
return  carrier  generators  hypothetically  located  at  branch  terminations 
T3,  T4,  T5,  T6,  T7  and  T8,  the  fractional  part  of  the  total  signal 
contributed  by  each  return  carrier  generator  would  be  1/4,  1/8,  1/8, 

1/8,  1/8  and  1/4,  respectively. 

Since  the  system  shown  on  the  trunking  diagram  is  small  (13.5  miles 
of  trunk)  and  has  only  12  terminations,  let  us  simulate  a larger  system 
by  assuming  that  there  is  a return  carrier  generator  located  at  each 
one  of  these  terminations.  If  the  return  carrier  generator  located  at 
termination  T5  were  to  fail  completely,  the  return  AGC  module  at 
Amp  #17  would  go  to  full  gain  since  there  would  be  no  return  pilot 
carrier  whatsoever  at  that  AGC  location.  At  Amp  #10,  the  next  return 
AGC  in  the  path  between  termination  T5  and  the  head  end,  there  would 
normally  be  return  pilot  carrier  signals  from  6 different  terminations, 
T3,  T4,  T5,  T6 , T7  and  T8,  each  contributing  a fractional  part  equal 
to  1/2^  of  the  total  return  pilot  carrier  energy.  Failure  of  the 
return  carrier  generator  at  T5  would  leave  1-JL  or  7/8  of  the  original 
signal  level  remaining  for  a change  of  only  0.58db.  Failure  of  the 
return  carrier  generators  at  both  T4  and  T5  would  cause  a change  of 
1.23db  in  the  level  of  the  return  pilot  carriers  at  Amp  #10.  Failure 
of  the  return  carrier  generators  at  T4,  T5  and  T8  would  leave 

+ 2?  + 2 7^  or  1/2  of  the  original  signal  level  remaining,  resulting 
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in  a 3db  change  in  the  return  pilot  carrier  level  at  Amp  #10. 

In  a section  of  a large  system  with  over  200  strand  miles  of  CATV 
plant,  there  could  be  well  over  100  branch  terminations  requiring  up 
to  50  return  carrier  generators.  Under  these  conditions,  failure  of 
any  one  or  even  a few  return  carrier  generators  would  have  a small 
effect  on  the  total  system  performance. 

Another  advantage  of  combining  the  return  pilot  carriers  and  then 
trapping  them  down  3db  is  that  the  resultant  pilot  carrier  will  then 
be  more  representative  of  the  signal  variations  caused  by  thermal 
changes  in  tie  individual  branches.  In  other  words,  it  would  tend  to 
have  an  averaging  effect  for  thermal  changes  in  branches  of  different 
lengths.  This  would  tend  to  keep  the  system  operating  in  a reserve 
tolerance  range  that  would  be  equally  distributed  between  crossmod 
and  noise. 

Note  for  example,  on  the  trunking  diagram  that  the  return  pilot 
carriers  originating  at  terminations  T1  and  T2  will  both  have  an 
equal  effect  on  the  return  AGC  module  located  at  Amp  #2.  The  level 
correction  applied  at  Amp  #2  will  be  an  average  of  the  level  changes 

r 

occurring  in  the  two  branches  which  are  joined  just  before  Amp  #3. 

Again,  refer  to  the  trunking  diagram  in  figure  1.  This  diagram 
represents  the  trunking  layout  for  a small  45  mile  system  with 
approximately  13.5  miles  of  trunk  and  a total  of  36  trunk  stations 
including  terminating  bridging  amplifiers.  The  system  uses  eight 
AGC's  in  the  forward  direction,  eight  AGC's  in  the  return  direction, 
one  forward  pilot  carrier  and  six  return  pilot  carriers. 
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The  locations  of  the  ACC  amplifiers  in  the  forward  direction  were 
chosen  on  the  following  conditions: 

1.  ACC  every  third  station. 

2.  An  ACC  which  would  normally  fall  one  location  beyond 
a trunk  split  is  backed  up  and  located  before  the 
split. 

3.  An  AGC  is  located  no  more  than  two  spans  from  a 
terminating  bridging  amplifier. 

Since  these  rules  are  mutually  exclusive  in  many  cases,  compromise 
must  be  made  by  applying  weighting  factors  to  the  above  rules  or  by 
using  judgment  based  on  the  desired  results. 

In  the  return  direction,  the  situation  is  somewhat  more  complex 
in  that  the  return  signals  may  be  arriving  at  a return  AGC  via  two  or 
more  paths  of  different  length.  For  example,  Amp  #21  is  receiving 
signals  from  T6  and  T7  while  Amp  #10  is  receiving  signals  from  T3, 

T4,  T5,  T6,  T7  and  T8.  Even  in  a common  path,  a return  AGC  may  be 
receiving  signals  over  varying  lengths  of  cable.  Amp  #17,  for  example, 
is  receiving  return  signals  from  Amps  #19,  #12  and  #17,  each  a 
different  length  path  requiring  a different  thermal  compensation  at 
Amp  #17. 

Unlike  in  the  forward  direction  where  this  type  of  signal  level 
error  will  affect  only  those  stations  or  subscribers  between  which 
level  correction  is  applied,  any  level  errors  in  the  return  direction 
produced  by  thermal  changes  or  equalization  errors  will  be  carried 
back  through  the  entire  system  to  the  head  end  where  it  will  appear 
as  a level  error,  consequently  picking  up  additional  crossmod  and  noise 
at  every  return  station  along  the  way.  Level  errors  in  the  return 
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direction  caused  by  thermal  changes  or  improper  equalization  are  there- 
fore potentially  much  more  serious  than  the  same  type  errors  in  the 
forward  direction.  In  fact,  they  are  equivalent  to  head  end  level 
errors  in  the  forward  direction. 

The  locations  of  return  AGC  amplifiers  were  chosen  on  the  follow- 
ing conditions: 

1.  AGC  every  third  station. 

2.  A return  AGC  is  located,  where  possible,  so  that 
it  is  the  same  number  of  spans  from  all  other 
control  or  originating  points.  For  example, 
return  AGC  Amp  #10  is  receiving  signals  from 
AGC  Amps  #14,  #17  and  #23,  and  terminating 
bridging  Amps  #13  and  #26.  Note  that  all  five 
paths  are  three  spans  in  length.  Return  AGC 
Amp  #2  is  receiving  signals  from  AGC  Amp  #7 

and  terminating  bridging  Amp  #5.  Again  note  that 
all  paths  are  three  spans  in  length. 

This  tends  to  establish  a fixed  relationship  between  the  levels 
of  the  return  signals  entering  the  system  from  the  various  branch 
terminations  and  the  levels  of  the  return  pilot  carriers  on  the 
system. 

Consider  the  case  where  return  signals  are  entering  the  system 
at  every  amplifier  location.  Under  these  conditions  it  is  impossible 
to  have  a fixed  relationship  between  every  one  of  the  return  signals 
and  the  return  pilot  carrier.  The  optimum  condition  would  be  achieved 
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if  the  variations  of  the  return  pilot  carrier  level  were  an  average 
of  the  variations  of  all  the  return  signals.  It  is  not  necessary  to 
locate  a return  pilot  carrier  generator  at  every  branch  termination. 
The  level  variations  of  the  return  pilot  carrier  can  be  made  to 
represent  the  average  of  all  the  return  signal  level  variations  by 
judiciously  locating  the  return  carrier  generator  so  that  its 
distance  from  a common  return  ACC  is  an  average  of  the  distance  of 
all  the  signals  entering  the  system. 

On  the  trunking  diagram,  figure  1,  note  that  the  return  AGC 
module  located  at  Amp  #31  is  controlled  by  a return  pilot  carrier 
source  at  branch  termination  Til.  The  return  amplifier  module  at 
Amp  #31  is  receiving  signals  from  Amps  #31,  #32,  #33,  #34  and  #35. 
Note  that  the  corresponding  span  lengths  to  Amp  #31  are,  allowing 
1/2  a span  for  the  feeder  run,  1/2,  1 1/2,  2 1/2,  3 1/2  and  2 1/2 
spans  respectively  with  the  average  span  length  being  10.5/5  or 
2.1  spans.  The  return  AGC  module  located  at  Amp  #31  will,  therefore1, 
tend  to  over  compensate  for  level  variations  on  signals  originating 
at  Amps  #31  and  #32,  and  under  compensate  for  level  variations  on 
signals  originating  at  Amp  #34  while  properly  compensating  for  level 
variations  on  signals  originating  at  Amps  #33  and  #35,  therefore 
averaging  out  the  signal  level  errors. 

To  appreciate  the  effect  of  level  averaging  achieved  by  trapping 
down  return  pilot  carriers  by  3db  when  they  are  combined  and  by  the 
judicious  selection  of  locations  for  return  carrier  generators,  refer 
to  figures  2 and  3 . 
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SIGNAL  LEVEL  VARIATION  VS.  TEMPERATURE 
RETURN  PILOT  CARRIER  AT  Tl  & T2  TRAPPED  DOWN  -3dB 

FIG.2A 
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SIGNAL  LEVEL  VARIATION  VS.  TEMPERATURE 
RETURN  PILOT  CARRIER  AT  T2  ONLY 

FIG.2B 
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SIGNAL  LEVEL  VARIATION  VS.  TEMPERATURE 
RETURN  CARRIER  GE'  RATOR  LOCATED  FOR  LEVEL  AVERAGING 

FIG.  3A 
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SIGNAL  LEVEL  VARIATION  VS.  TEMPERATURE 
RETURN  CARRIER  GENERATOR  IMPROPERLY  LOCATED 

FIG.  3B 
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Figure  2A  shows  the  level  averaging  effect  achieved  at  Amp  #2 
between  signals  originating  at  branch  terminations  Tl  and  T2  when  the 
return  pilot  carrier  is  trapped  down  3db  and  the  resultant  pilot 
carrier  level  is  1/2  the  sum  of  the  two  original  pilot  carrier  levels. 
Figure  2B  shows  the  effect  of  using  a single  return  carrier  generator 
at  branch  termination  T2  only..  Note  that  in  figure  2A  where  signal 
averaging  is  utilized  the  maximum  signal  level  variation  is  about 
half  that  in  figure  2B  where  a single  return  pilot  carrier  controls 
the  levels  originating  at  both  terminations. 

Figure  3A  shows  the  effect  of  level  averaging  achieved  by 
selecting  the  location  of  the  return  carrier  generator  so  that  its 
distance  from  the  return  AGC  is  an  approximate  average  of  all  the 
other  signals  entering  the  system  and  passing  through  the  same  AGC. 
Figure  3B  shows  the  effect  of  improperly  locating  the  return  carrier 
generator  at  branch  termination  T10.  Note  that  in  figure  3A  where 
signal  averaging  is  utilized  the  maximum  signal  level  variation  is 
again  about  half  that  in  figure  3B  where  the  return  carrier  generator 
is  improperly  located. 

In  both  cases  where  signal  averaging  is  utilized,  the  maximum 
signal  level  variation  is  less,  thereby  increasing  the  reserve 
tolerance  margin  that  can  be  allocated  to  other  parfr  of  the  system. 

As  mentioned  before,  it  is  very  important  to  keep  signal  level 
variations  in  the  individual  branches  to  a minimum  since  these  level 
variations  will  be  carried  through  the  entire  system  back  to  the  head 
end. 
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In  a system  where  AGC  or  thermal  level  control  is  applied  only  at 
every  third  amplifier  location,  the  input  and  output  levels  at  the 
stations  in  between  will  vary  with  temperature.  These  level,  variations 
which  are  caused  primarily  by  cable  loss  and  amplifier  gain  variations 
witli  temperature  raise  or  lower  the  station  input  levels  from  their 
nominal  design  center.  This  increases  the  distortion  or  noise  picked 
up  at  those  stations,  thereby  reducing  the  overall  system  tolerance 
reserve. 

To  reduce  signal  level  and  system  distortion  and  noise  variations 
with  temperature,  AGC  or  some  other  type  of  thermal  level  control 
should  be  applied  at  every  statiovi  in  both  the  forward  and  reverse 
directions.  This  is  especially  true  for  signals  traveling  in  the 
reverse  direction  since,  as  noted  before,  these  level  errors  will  be 
carried  through  the  entire  system  back  to  the  head  end.  If  the  manual 
stations  in  the  system  are  designed  to  compensate  for  thermal  changes 
in  an  average  cable  span  (open  loop  AGC)  the  differences  in  level 
variations  between  signals  originating  at  various  distances  from  a 
return  AGC  amplifier  will  then  be  held  to  a minimum. 

We  have  discussed  the  advantages  and  disadvantages  of  various 
types  of  AGC  pilot  carriers  for  use  in  the  return  portion  of  a two-way 
system  and  have  attempted  to  point  out  some  of  the  potential  problems 
which  may  be  incurred  by  the  use  of  CW  or  modulated  signals  of  the 
type  normally  used  as  pilot  carriers  in  the  forward  direction.  We 
have  introduced  the  concept  of  a narrow  band  noise  spectrum  which. 


because  of  its  random  signal  distribution  and  phase  characteristics, 
is  an  ideal  pilot  carrier  for  the  return  system. 

We  have  chosen  a typical  small  system  and  have  shown  how  improved 
signal  level  control  can  be  achieved  by  judiciously  selecting  the 
locations  of  the  return  carrier  generators  and  ACC  amplifiers  so  that 
the  return  pilot  carrier  level  variation  is  representative  of  the 
average  level  variation  of  all  the  return  signals  at  a common  point. 

We  have  shown  further  how  the  differences  in  return  signal  level 
variation  can  be  held  to  a minimum  by  the  use  of  both  closed  loop  and 
open  loop  ACC's  and  how,  by  holding  these  level  variations  to  a 
minimum,  we  can  achieve  improved  system  performance. 
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ADDENDUM  I 

Phase  difference  for  different  path  lengths  - Sub-Split  Systems 
f out  = 90  Mhz  f return  = 30  Mhz 

, , _ _ 186,000  mi/sec  * 5280  ft/mi  * .82 

L1  = V/f= 90  * 10<;  hz 

LI  = 8.95  ft. 

L2  = 3 * LI  = 26.85  ft. 

Assume  1 way  difference  in  distance  between  Termination  #1  (Tl)  and 
Termination  #2  (T2)  is  2000  ft. 

@ 90  Mhz  2°°°  ft;‘ — = 223.46  cycles 
8.95  ft/cyc 

® 30  Hhz  26225°ft/cyc  ' 74'49  c“cles 

297.95  cycles  = 297  eye  + 342° 

Phase  Shift  vs.  Temperature  for  different  path  lengths 
Change  in  cable  electrical  length  = ,1%/°F 
.001  * 1000  ft.  = 1 ft . /°F 

360°  phase  shift  = 3/4  LI  + 1/4  L2  = 6.71  ft.  out  & 6.71  ft.  return 
180°  phaseshift  = 6.71/2  = 3.355  ft. 

Temperature  change  for  180°  phase  shift  = — ^ = 1.67°F 

Phase  difference  for  different  path  lengths  - Mid-Split  System 
f out  = 242  Mhz  f return  = 121  Mhz 

LI  = v/f  = 186,000  mi/sec  * 5280  ft/mi  * .82 
' 242  * 10&  hz 

LI  = 3.33  ft. 


Assuming  1 way  difference  in  distance  between  Termination  #1  (Tl) 
and  Termination  #2  (T2)  is  2000  ft. 

® 242  Mhz  3.3°0°t!‘;y-  = Ml-Ql  cycles 

f 222  W»  6.66°°t!/cyc  " 300-52  cycles 

900.51  cycles  = 900  eye  + 184° 

Phase  Shift  vs.  Temperature  for  different  path  lengths 
Change  in  cable  electrical  length  = . 17„/°F 
360°  phase  shift  * 2/3  LI  + 1/3  L2  = 2.22  ft.  out  & 2.22  ft.  return 
180°  phase  shift  = 2.22/2  - 1.11  ft. 

Temperature  change  for  180°  phase  shift  = 1»11  = ,55°f 

2 • OK  ft* 


& 
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ADDENDUM  II 


Transferred  Modulation  (TM)  as  a function  of  amplifier  gain 
variation  (m) . 

For  1007o  modulation: 

Relative  level  of  carrier  A = .5 
Relative  level  of  each  side land  Am/^  = 


A 

Am 

Am 

2 

2 

.25 


A (1  + m)  =1 

(1)  A = 

1 + m 

•also  A + Am  = 1 

(2)  Am  = 1 - A 
substituting  (1)  above: 

(3)  Am  = 1 - 


1 + m 


Referencing  (3)  to  the  sideband  energy  level  of  a 100%  modulated 

signal,  we  find  that  the  transferred  modulation,  TM,  is: 

, 1 


TM  = 


1 + m 


1/2 

which  reduces  to: 
(4)  TM  = 2m 


1 + m 
expressed  in  db: 


2m 


(5)  TMdb  = 20  log10 


m 
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7.m 

7.  Gain  Variation 
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TMdb 

Transferred  Modulation  in  db 
0. 
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* 40.04 
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INTRODUCTION 

Two-way  transmission  on  a single  cable  system  has  focused 
attention  on  the  cable  system  performance  parameter  group 
delay  distortion  (or  variation) , which  previously  was  only 
of  major  concern  in  single  channel  head  end  equipment  and 
off  air  signals.  Group  delay  distortion  is  not  the  only 
important  parameter  which  must  be  considered,  but  it  is 
the  topic  of  this  paper.  This  paper  covers  the  following 
topics : 

1.  Sources  of  group  delay  distortion  in  the  single 
cable,  2-way  cable  system. 

2.  Examples  of  calculated  and  measured  group  delay 
of  cable  system  components. 

3.  Methods  of  minimizing  group  delay  distortion  in 
the  cable  system. 

It  is  well  known  that  frequency  division  multiplex  (FDM) 
filters  are  the  primary  cause  of  group  delay  distortion 
in  a single  cable,  2-way  transmission  system.  The  group 
delay  characteristics  of  other  cable  system  components 
were  also  investigated,  however,  since  very  little  in- 
formation has  been  published  for  these  components.  Per- 
mis sable  magnitudes  of  group  delay  distortion  based  on  test 
results  of  subjective  viewing  are  discussed  in  detail  in 
Reference  1,  and  will  only  be  mentioned  in  this  paper. 

Techniques  for  correcting  or  equalizing  transmission  path 
delay  distortion  which  is  considered  unacceptable  are  dis- 
cussed. The  application  of  delay  equalizing  methods  will 
require  new  products  from  CATV  equipment  manufactuvers  and 
the  use  of  special  test  equipment  by  the  system  operator. 


REVIEW  OF  IDEAL  LINEAR  SYSTEM  CHARACTERISTICS 

Signal  information  transmitted  through  a transmission  sys- 
tem or  device  contains  a finite  band  of  frequencies.  If 
the  system  or  device  has  a flat  amplitude  response  and  a 
linear  phase  response  over  the  band  of  signal  frequencies, 
the  output  is  an  exact  replica  of  the  input,  delayed  in 
time,  and  directly  proportional  in  amplitude  to  the  constant 


gain  factor  A (See  Figure  1,  2) 
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FIGURE  1 IDEAL  SYSTEM  OF  BANDWIDTH  (F^-F^ 

AMPLITUDE,  PHASE,  AND  DELAY  RESPONSE 

Any  device  or  component  containing  energy  storage  ele- 
ments such  as  inductors  and  capacitors  will  produce 
phase  shifts.  Phase  shift  versus  frequency  is  linear 
in  the  ideal  system.  Envelope  delay  (synonymous  with 
group  delay)  is  defined  as  the  rate  of  change  of  phase 
shift  with  respect  to  frequency.  Another  way  of  saying 
this  is  that  envelope  delay  is  the  incremental  slope 
of  the  phase  shift  versus  frequency  curve  of  the 
transmission  system.  Linear  phase  means  constant  de- 
lay, as  shown  in  Figure  lc. 
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The  envelope  delay  response  of  cascaded  systems  or 
components  is  additive,  just  as  is  the  decibel  amplitude 
response  of  cascaded  systems  or  components.  There- 
fore, knowing  the  envelope  delay  of  each  individual 
piece  of  equipment  in  a cascade,  the  envelope  delay  of 
the  total  cascade  can  be  determined  by  simple  arithme- 
tic addition.  For  example,  a cascade  of  ten  identical 
filters,  each  filter  having  an  envelope  delay  of  3 nano- 
seconds, has  an  envelope  delay  of  30  nanoseconds.  This 


principle  is  also  helpful 
izers . 


for  designing  delay  equal- 


ly the  non-ideal  or  practical  situation,  equipment 
will  introduce  amplitude  distortion  (response  not 
perfectly  flat  over  frequency  band)  and  group  de- 
lay distortion  (response  not  constant  at  each  signal 
frequency) . An  example  of  the  effect  of  the  delay  re- 
sponse of  practical  hardware  is  shown  in  Figure  2C. 

In  addition  to  waveform  distortion  caused  by  delay  dis- 
tortion, misregistration  of  chroma  information  in  the 
television  color  signal  will  also  result.  Note  that 
the  output  of  an  ideal  system  is  a replica  of  this  in- 
put signal,  delayed  in  time,  and  modified  by  the  con- 
stant gain  factor  A. 


(Jt  SYSTEM  RESPONSE 
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FIGURE  2 EXAMPLE  OF  SIGNAL  TRANSMISSION  THRU  SYSTEM  WHICH 
HAS  IDEAL  AMPLITUDE  RESPONSE  AND  NON-IDEAL  DELAY 
RESPONSE 
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TYPES  OF  DELAY  DISTORTION 

The  NTSC  color  television  signal  consists  of  luminance 
and  chrominance  information.  The  delay  difference  between 
the  chrominance  and  luminance  signal  will  cause  misregis- 
tration of  color  information,  and,  in  addition  will  effect 
the  transient  response  of  the  television  signal.  Chroma 
delay  is  defined  as  the  difference  between  the  chrominance 
and  luminance  carrier.  Two  types  of  delay  distortion 
which  are  present  in  the  transmission  path  between  tele- 
vised scene  and  subscriber  television  set  picture  are 
flat  delay  and  shaped  delay. 

Flat  delay  difference  may  occur  when  the  luminance  and 
chrominance  signal  are  processed  separately  at  video  fre- 
quencies, introducing  a constant  delay  between  the  two 
signals.  The  broadcast  studio  and  home  receiver  would  be 
the  most  common  source  of  this  type  of  distortion.  Flat 
delay  distortion  will  not  be  considered  in  this  paper. 

Shaped  delay  applies  to  the  video  signal  after  luminance 
and  chrominance  signals  are  combined.  Shaped  delay  is  a 
change  of  delay  at  each  frequency  across  the  video  or 
signal  bandwidth. 

In  the  tests  described  in  Reference  1,  a shaped  delay 
error  of  178  nanoseconds  was  considered  the  mean  value 
of  delay  error  for  which  the  subjective  effect  was  rated 
as  just  percept ile.  A shaped  delay  distortion  error  of 
477ns  was  the  mean  value  for  a subjective  effect  rated 
as  "impairment  to  picture,  but  not  objectionable". 

The  magnitude  of  shaped  delay  distortion  is  commonly  taken 
to  be  the  difference  in  delay  between  the  3.58  MHz  and 
0 to  200  KHz  regions  of  the  video  channel  Two  shaped 
delay  characteristics  are  shown  graphically  in  Figure  3. 


SHAPED  DELAY  Dlf  FEHCNCC  VCHSUS  FREQUENCY. 
D IS  DELAY  DIFFERENCE  UEtWEEN  3 SB  MM/  AND 
0 200  K H/  REGION  DF  VIDEO  CHANNEL . 


FIGURE  3 


The  dashed  curve  is  representative  of  the  type  of  delay 
distortion  present  in  FDM  filters  and  other  broadband 
cable  system  components.  The  slope  of  the  shaped  delay 
curve  can  be  either  positive  or  negative,  depending  on 
the  particular  component  properties.  The  solid  curve  is 
typical  of  those  shown  in  the  literature  referring  to  base- 
band video,  and,  therefore,  the  delay  characteristic  does 
not  extend  below  a carrier  frequency.  Articles,  such  as 
Reference  4,  concerned  with  the  design  of  narrowband  RF 
and  IF  amplifiers,  do  address  this  problem  of  delay  below 
a carrier . . 

ENVELOPE  DELAY  OR  CA3LE  SYSTEM  COMPONENTS 
In  the  CATV  Industry  there  was  very  little  concern  for 
envelope  delay  in  cable  system  components  until  the  study 
and  development  of  two-way  transmission  on  a single  delay 
cable  began  a few  years  ago.  The  major  sources  of  group 
delay  were  either  already  present  in  the  signal  received 
by  the  cable  system,  generated  in  the  CATV  head-end  equip- 
ment, generated  in  the  subscriber  television  receiver,  or 
some  combination  of  all  three.  Since  most  cable  system 
components  had  gradually  changing  amplitude  responses, 
which  usually  indicated  gradually  changing  phase  response, 
very  little  group  delay  distortion  was  generated.  Also, 
the  channel  bandwidth,  and  even  more  specifically,  the 
3.58  MHz  frequency  difference  between  chrominance  and 
luminance  carriers  in  a single  channel  is  a small  per- 
centage bandwidth  compared  to  the  broadband  response  of 
these  components.  In  this  paper,  components  are  defined 
as  functional  units  or  pieces  of  equipment  such  as  cable, 
equalizer,  filter,  amplifiers,  splitters,  directional 
taps , etc . 

Frequency  division  multiplex  (FDM)  for  2-way  transmission 
of  signals  on  a single  cable  requires  that  the  frequency 
spectrum  be  split,  one  portion  used  for  forward  (downstream) 
transmission  and  one  portion  used  for  reverse  (upstream) 
transmission.  The  transmission  band  split  is  accomplished 
by  the  use  of  high  pass  and  low  pass  filters  and  has  been 
discussed  in  detail  in  a number  of  articles  (References 
6,  7,  8)  . A block  diagram  of  a two-way  transmission  re-  ^ 

peater  amplifier  is  shown  in  Figure  4.  The  FDM  filters 
must  be  located  at  each  amplifier  and  must  have  relatively 
sharp  cutoff  characteristics  (compared  to  other  cable  sys- 
tem components)  . Group  delay  distortion  is  proportional 
to  rate  of  attenuation  change  versus  frequency.  In  other 
words,  the  more  rapidly  the  amplitude  response  changes 
with  frequency,  the  more  group  delay  distortion  is  present. 

The  major  contribution  to  cable  system  group  delay  dis- 
tortion is  due  to  FDM  filters.  The  low  end  of  the  sub 
channel  band  (such  as  CH  T-7>  5.75  to  11.75  MIIz)  delay  dis- 
tortion is  due  to  sources  other  than  FDM  filters.  To 
fully  characteristize  the  system  delay,  each  component  in 
the  transmission  path  should  be  evaluated. 
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FIGURE  4 3 LOCK  DIAGRAM  OF  TWO-WAY  REPEATER  AMPLIFIER 


The  single  cable  system  used  for  two-way  transmission 
is  actually  split  into  two  bandpasses  and  there  are  four 
cutoff  frequencies  as  shown  graphically  in  Figure  5. 

For  the  two  bands  shown  in  Figure  5,  the  FDM  filters 
cause  a sharp  rate  of  attenuation  beginning  below  54  MHz 
for  the  downstream  bandpass  and  above  30  MHz  for  the  up- 
stream bandpass. 
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FIGURE  5 SKETCH  OF  IDEAL  AND  PRACTICAL  AMPLITUDE  AND  DELAY 

RESPONSE  OF  SINGLE  CABLE  TWO-WAY  TRANSMISSION  SYSTEM 
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DOWNSTREAM  PATH 

The  response  above  300  MHz  (or  the  highest  frequency)  in 
the  downstream  path  will  attenuate  gradually  due  to  ampli- 
fier gain  rol 1-off  and  cable  attenuation  equalizer  roll-off. 
Because  of  this  fact  and  the  fact  that  the  ratio  of  3.58 
MHz/300  MHz  is  approximately  one-sixth  the  value  of  the 
ratio  of  3.58  MHz/55  MHz,  delay  distortion  at  the  high  end 
of  the  downstream  across  a 3.58  MHz  will  be  very  low. 
Therefore,  the  emphasis  on  delay  distortion  minimization 
in  the  downstream  path  is  at  the  low  end  of  the  band  and 
predominately  attributable  to  FDM  filters. 

UPSTREAM  PATH 

The  delay  distortion  problem  in  the  upstream  passband  is 
accentuated  because  a 3.58  MHz  bandwidth  is  a much  higher 
percentage  bandwidth  (3.58  = .41  for  channel  T7,  and 

8.75 

3.58  = .134  for  channel  T10)  . Delay  distortion  at  the 

26.75 

high  end  of  the  upstream  band  will  be  caused  mainly  by 
the  FDM  filter  design.  However,  the  upstream  cable  atten- 
uation equalizers  also  contribute  delay  distortion.  The 
low  end  response  of  the  upstream  band  is  similar  to  that 
of  a high  pass  filter.  The  high  pass  filter  type  response 
results  from  both  the  power  frequency  blocking  capacitors 
and  passing  chokes  plus  response  roll-off  due  to  the  mag- 
netics used  in  line  splitters  and  directional  couplers. 

GROUP  DELAY  OF  LOW-LOSS  CABLE 

The  equations  used  for  the  calculation  of  low- loss  cable 
group  delay  are  listed  in  Appendix  I.  The  results  of  these 
calculations  for  two  types  of  cable  are  summarized  below. 
The  chroma  delay  (delay  of  chroma  carrier  minuu  delay  of 
channel  carrier)  is  so  small  that  it  is  negligible,  as  ex- 
pected. 


TABLE  1 


CHROMA  DELAY 
NSEC/10,000  FEET 

CHANNEL 

FREQ  (MHZ) 

500  CABLE 

750  CABLE 

T7 

10.58 

-.0297 

-.0137 

2 

58.83 

-.00071 

-.00033 
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GROUP  DELAY  OF  BRIDGED-T  EQUALIZER 

A cable  attenuation  equalizer  is  a form  of  band  pass  filter 
The  attenuation  slope  of  this  band  pass  filter  is  used  to 
equalize  the  cable  attenuation.  A type  of  cable  equalizer 
which  is  common  in  many  CATV  amplifiers  is  referred  to  as 
a constant  resistance  bridged-T  equalizer.  A schematic 
of  such  an  equalizer  is  shown  in  Figure  6. 


FIGURE  6 


Assuming  a constant  source  and  load  impedance  of 
Ro  (Ro  = 75  ohms  for  CATV  applications)  the  expression 
for  its  insertion  loss  is: 


V 

1 


1 + Z 


Vro 


(1) 


The  term  is  a function  of  frequency  and  is  a complex 
number,  so  it  therefore  contains  a real  and  imaginary 
term.  The  expression  for  the  equalizer  phase  shift  is 


P=  Arctan 


/ta 


imaginary  part  of  Zi/rq 


\ 1 + real  part  of  Z 


1/Ro 


(2) 
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The  expression  for  phase  shift  is  needed  to  calculate  the 
group  delay  which  is 

'V  \ 

Group  Delay  f [ = D = -dp 

\ V / dw  (3) 

\ 1 - - 

where  w = 2-rrf 

Expression  (3)  was  evaluated  for  an  equalizer  similar  to 
that  shown  in  Figure  6.  An  equalizer  response  for  the 
5-30  MHz  frequency  band  and  the  50  to  300  MHz  band  was 
calculated  and  also  breadboarded.  The  cable  loss  plus 
equalizer  loss  was  flat  within  1.0  dB  peak  to  valley  over 
the  passband.  Delay  values  were  measured  using  a General 
Radio  Type  1710  Analyzer  system.  The  delay  magnitude  of 
the  50-300  MHz  equalizer  was  calculated  at  less  than  2 ns 
across  the  band,  so  that  a meaningful  measurement  could 
not  be  obtained.  However,  the  delay  magnitude  measured 
on  the  5-30  MHz  equalizer  was  within  the  resolution  of 
the  test  equipment  and  agreed  well  with  the  calculated 
values. 

Calculated  delay  values  for  the  two  equalizers  are  summar- 
ized in  Table  2.  The  equalizers  were  designed  based  on 
the  Anaconda  SLM  750  cable  attenuation  characteristic. 

The  dB  value  of  equalizer  shown  refers  to  the  dB  loss  of 
cable  at  either  30  MHz  or  300  MHz, 


TABLE  2 


5-30  MHZ 
6 dB  EQUALIZER 

50-300  MHZ 
17  dB  EQUALIZER 

FREQ. 

(MHZ) 

CABLE  + 
EQU. 
LOSS  (dB) 

PHASE 

(DEG) 

DELAY 

(NSEC.) 

FREQ. 

(MHZ) 

CABLE  + 
EQU. 
LOSS  (dB) 

PHASE 

(DEG) 

DELAY 

(NSEC.) 

7.0 

-6.2 

4.8 

-1.78 

55.25 

-10.8 

17.3 

-.24 

10.58 

-6.7 

7.0 

•1 .58 

58.83 

-10.8 

17.6 

-.21 

19 

-6.9 

10.7 

• ;70 

211.25 

-10.9 

19.4 

+.28 

22.58 

-6.6 

10.9 

+ .68 

214.83 

-10.9 

19.0 

+.31 

25 

•6.3 

9.5 

+2.67 

295.25 

-10.9 

1.33 

+.78 

28.58 

-5.9 

3.5 

+6.51 

298.83 

-11 

.33 

+.78 
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Group  Delay  of  Downstream  Flat  Gain  Repeater  Amplifier 
The  group  delay  variation  versus  frequency  of  flat  gain 
broadband  hybrid  integrated  circuit  amplifiers  (for  use 
over  50-300  MHz  band)  now  in  production  is  very  low. 

One  reason  for  this  is  that  the  amplitude  response  of 
these  IC  amplifiers  (two  types  manufactured  by  Hewlett 
Packard)  is  flat  from  approximately  20  MHz  to  greater 
than  330  MHz.  The  response  roll-off  at  the  band  edges 
is  also  gradual,  so  that  very  little  group  delay  varia- 
tion occurs  in  a passband  of  54  to  300  MHz.  In  addition,  \ 

it  is  possible  to  reduce  the  effect  of  circuit  parasitics, 
so  that  the  appropriate  element  values  can  be  used. 

Using  the  same  principle  of  extending  the  bandwidth  be- 
yond the  passband  frequencies,  the  upstream  amplifiers 
will  also  have  low  values  of  chroma  delay  in  the  passband. 

Care  must  be  taken  to  insure  that  the  low  frequency  cut- 
off extends  well  below  the  lowest  frequency  of  5 MHz  and 
yet  rejects  the  power  frequency  of  60  Hz. 


Channel  T-7  and  T-8  Chroma  Delay 

Much  attention  has  been  given  the  FDM  chroma  delay  prob- 
lem at  the  upper. edge  of  the  upstream  band  and  lower  edge 
of  the  downstream  band.  However,  the  low  frequency  de- 
lay response  of  components  in  the  upstream  path  can  have 
a considerable  effect  on  channels  T-7  and  T-8.  As  an 
example  of  the  occurrence  of  this  chroma  delay,  two  fun- 
damental circuit  arrangements  are  analyzed.  These  cir- 
cuits, plus  variations  of  these  circuits  appear  many 
times  in  an  amplifier  and/or  passive  component.  More 
specifically,  these  circuits  are  the  cause  of  low  end 
upstream  channel  chroma  delay  in  the  following  cable 
system  equipment. 


Directional  Couplers 
Line  Splitters 

Intermediate  Bridger  (Thru  Path) 
Directional  Taps 
Upstream  Repeater  Amplifiers 
Repeater  amplifier  motherboard  (or 
module  interconnect  chassis)  in  60  Hz 
power  feed  and  tapoff  circuit. 


The  number  of  such  components  in  cascade  can  cause  T-7 
chroma  delay  which  is  equal  to  or  greater  than  that  due 
to  FDM  filters  in  other  channels. 
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Typical  networks  which  appear  in  these  components  are 
shown  in  Figure  7. 

As  an  example  of  the  values  of  delay  resulting  from  these 
types  of  networks,  calculations  using  some  sample  values 
are  summarized  in  Table  3. 
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FIGURE  7 

Figure  7 Circuits  which  can  be  source  of  group  delay 
distortion  in  low  subchannels. 


TABLE  3 


CIRCUIT  (A) 
C = .01  uf 

CIRCUIT  (B) 

L-j  = 5uh  C-j  = .02  uf 

FREQ  MHZ 

dB 

DELAY  NSEC 

e2/e<|  dB 

DELAY  NSEC 

7 

-6.02 

1.37 

-6.13 

4.08 

10.58 

-6.01 

0.60 

-6.07 

1.78 

13 

-6.00 

0.40 

-6.05 

1.18 

16.58 

-6.00 

0.25 

-6.04 

.72 
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Unfortunately,  a conclusion  on  specific  delay  values 
for  each  of  the  components  listed  on  page  10  cannot 
be  reported  at  this  time  because  a large  enough  sample 
of  each  component  was  not  available.  However,  delay 
measurements  made  on  each  item  available  indicated  that 
the  chroma  delay  through  a cable  system  could  be  signi- 
ficant in  channel  T-7  (picture  carrier  7 MHz,  chroma 
carrier  10.58  MHz).  Typical  values  of  channel  T-7  chroma 
delay  measured  on  a small  sample  of  each  item  is  listed 
below.  Because  of  the  small  sample  size,  these  numbers 
may  not  be  representative  of  products  now  on  the  market. 
The  bandwidth  of  the  components  tested  were  specified 
as  5-300  MHz  by  the  manufacturers. 

ITEM  CHROMA  DELAY  (NSEC) 

2-output  line  splitter 
4-output  line  splitter. 

.Directional  Taps 
Intermediate  Bridger 
Trunk  Amp  Motherboard 
Upstream  Amplifier  (IC, 
no  equalizer) 

FDM  FILTERS 

FDM  Filters  for  the  sub-low  frequency  split  (5-30  MHz., 
upstream,  54-300  MHz  downstream)  must  simultaneously  meet 
a number  of  performance  parameters.  The  filter  design  is 
a compromise  of  the  following  parameters: 

rate  of  cutoff 

minimum  stop  band  attenuation 
minimum  ripple  in  passband 
minimum  insertion  loss  in  passband 
high  return  loss  in  passband 
constant  group  delay  in  passband 

The  group  delay  characteristic  of  the  FDM  filter  will  de- 
pend not  only  on  what  design  compromise  is  made,  but  also 
on  the  filter  alignment  and  practical  filter  component 
values.  Estimated  ranges  of  chroma  delay  values  which 
might  be  expected  from  a pair  of  FDM  filters  (one  pair  per 
amplifier  station)  are  listed  in  Table  4.  The  group  de- 
lay will  depend  on  the  specific*  filter  design,  which  each 
manufacturer  must  specify.  The  estimated  delay  values  are 
based  on  filter  designs  which  are  necessary  to  simulta- 
neously realize  performance  for  each  of  the  six  parameters 
listed  above. 


2.5 

10 

3 

5 

3 

Negligible 


O 
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TABLE  4 

RANGE  OF  CHROMA  DELAY  VALUES  IN  NSEC 
FOR  PAIR  (2)  OF  FDM  FILTERS 


CHANNEL 

LOW  PASS  FILTER  (2) 

HIGH  PASS  FILTER  (2) 

T-7 

+1  to  +2.0 

T-8 

+3  to  +5 .4 

T-9 

+3.4  to  +6 

T-10 

+10  to  +20 

2 

-4  to  —8 

3 

t 

-3  to  —5 

tlvstem  Chroma  Delay 

The  system  chroma  delay  of  a channel  can  be  estimated 
by  adding  the  chroma  delay  of  the  channel  due  to  each 
component  in  the  transmission  path  between  sending  and 
receiving  location.  As  discussed  in  previous  pages, 
the  chroma  delay  of  each  channel  can  be  caused  by  a 
number  of  different  components.  A summary  of  the  sources 
of  chroma  delay  and  the  channels  affected  is  shown  below. 


CHANNEL 


T-7 

T-8 


T-9 

T-10 


FREQUENCY 


7-10.58 

13-16.58 


19-22.58 

25-28.58 


MAIN  SOURCES  OF  CHROMA  DELAY 


r 


< 


Directional  Couplers 
Directional  Taps 
Line  Splitters 
AC  Coupling  to  Upstream 
Amplifier 

Intermediate  Bridqers 
Repeater  Station  Motherboard 
Power  Supply  coupling 


FDM  Filters 
Cable  Equalizers 


2 55.25-58.83 

3 61.25-64.83  FDM  Filters 

4 67.25-70.83 
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Testing  for  Chroma  Delay 

One  method  of  testing  for  chroma  delay  is  the  use  of  a 
modulated  20T  or  12. 5T  pulse  as  described  in  Reference  8. 
This  is  a single  channel  test  which  requires  use  of  a 
demodulator , since  the  test  equipment  is  designed  to 
operate  at  baseband  video  frequencies.  Waveform  testing, 
in  addition  to  the  modulated  20T  or  12. 5T  pulse,  may  be 
necessary  to  insure  that  a given  channel  delay  character- 
istic (equalized  or  not),  does  not  impair  the  total 
channel  waveform  beyond  an  acceptable  limit. 

Swept  delay  measurements  of  a transmission  path  would  be 
desireable  if  the  test  equipment  was  available.  Further 
discussion  of  testing  for  chroma  delay  is  beyond  the 
scope  of  this  paper. 

System  Delay  Distortion  Correction 

Each  component  in  the  2-way  cable  system  should  be  designed 
to  minimize  its  contribution  of  delay  distortion.  However, 
constant  group  delay  per  television  channel,  per  system 
component,  many  times  cannot  be  met  simultaneously  with 
all  of  the  other  required  operational  characteristics  of 
the  system  component.  A given  amount  of  delay  distortion 
will  therefore  be  present  in  a transmission  path  after  the 
compromises  of  cost  effective  component  design  and  design 
tradeoffs  between  delay  distortion,  frequency  response, 
insertion  loss,  etc.,  have  been  selected.  So  the  next 
question  is  "what  methods  or  techniques  can  be  used  to  re- 
duce transmission  path  delay  distortion  from  that  caused 
by  the  components  in  the  transmission  path,  when  these 
components  are  considered  to  be  optimum  from  a total  per- 
formance and  cost  standpoint?".  Two  methods  will  be 
considered.  Either  one,  or  both,  may  be  required  to  solve 
a specific  delay  distortion  problem.  One  method  requires 
selection  of  channel  frequencies  in  the  forward  and  reverse 
transmission  path  and  the  second  method  requires  the  addi- 
tion of  delay  equalizers  in  the  transmission  path. 

Method  One  - Channel  Frequency  Selection 
Channel  frequency  selection  may  be  effective  when  down- 
stream low  band  channels  are  available  and  can  be  used  to 
transmit  any  upstream  channel  which  has  suffered  delay 
distortion  back  into  the  downstream  system  path.  If  low 
band  channels  are  not  available,  then  some  other  method 
of  delay  equalization  may  be  used. 

Consider  the  delay  characteristics  of  a single  low  pass 
filter  and  high  pass  filter  as  shown  in  Figure  8.  As  an 
example  of  how  channel  frequency  selection  can  reduce  total 
transmission  path  delay  distortion,  the  simple  system  of 
Figure  9 will  be  analyzed.  An  upstream  channel,  t-9, 
applied  to  the  low  pass  filter,  acquires  the  delay  char- 
acteristic of  the  low  pass  filter  over  its  channel  bandpass. 
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FIGURE  8 GROUP  DELAY  OF  C06-05-44  FDM  FILTER  PAIR 


Channel  T-9  is  then  converted  to  Channel  2 in  a con- 
verter located  at  a hub  or  the  headend.  The  converter 
is  assumed  to  have  a constant  delay  versus  frequency 
characteristic  over  the  channel  bandwidths.  The  de- 
lay of  the  video  and  color  subcarrier  frequencies  pass- 
ing through  the  high  pass  filter  have  an  inverse  delay 
characteristic  compared  to  the  low  pass  filter  as  shown 
in  Figure  8.  That  is,  the  relative  delay  at  the 
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FIGURE  9 TRANSMISSION  PATH  DELAY  DISTORTION  REDUCTION 
BY  CHANNEL  FREQUENCY  SELECTION 
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luminance  and  chrominance  carrier  frequencies  are  re- 
versed between  the  low  pass  and  high  pass  filter.  The 
inverse  characteristics  will  match  in  much  the  same 
manner  that  a cable  loss  equalizer  matches  the  cable 
loss  characteristic,  and  partial  delay  equalization  can 
bo  obtained.  An  example  of  the  amount  of  delay  equaliza- 
tion available,  using  delay  values  obtained  from  Reference 
2 follows. 

The  picture  carrier  of  channel  T-9  experiences  a delay 

thru  the  LPP.  Since  ve  are  interested  in  the  delay 
difference  between  picture  and  chroma  carriers,  constant 
delays  at  each  frequency  are  not  important.  After  con- 
version from  t-9  carrier  frequency  to  channel  2 carrier 
frequency,  the  picture  carrier  experiences  an  additional 
group  delay  thru  the  HPF  equal  to  D^.  The  picture  carrier 

delay  thru  the  entire  system  shown  in  Figure  8 is  now 

+D^  plus  the  constant  delay  of  the  converter. 

The  chroma  carrier  of  channel  t-9  is  delayed  by  D2  in  the 

LPF  and  after  conversion  to  channel  2 chroma  carrier  fre- 
quency is  delayed  by  D^.  The  chroma  carrier  delay  thru 

the  entire  system  is  now  D2  + D.  plus  the  same  constant 
delay  of  the  converter.  4 


The  chroma  delay  of  the  channel  2 (converted  from  T-9) 
signal  is  equal  to  (D2  + D4)  - (D  + D3)  . The  delay 
values  are  summarized  in  Table  5. 


The  low  pass  filter  and  high  pass  filter  designs  are  re- 
ferred to  as  C06-05-44  in  Reference  2.  The  delay  values 
for  D^,  D2,  D^,  were  derived  from  a graph  on  Page  176 

of  Reference  2.  The  LPF  cutoff  frequency  is  35MHz  and  HP  cut 
is  45  MHz.  Note  that  delay  equalization  for  this  ex- 
ample greatly  reduces  the  chroma  delay  of  the  transmission 
path. 

TABLE  5 

SUMMARY  OF  DELAY  EQUALIZATION  BY  CONVERSION 
C06  05-44  FILTER 


CARRIER 
FREQ  (MHZ) 

SUBCHANNEL  T»9 

LOW  BAND  CHANNEL  CH.  2 

PICTURE 

19 

CHROMA 

22.58 

PICTURE 

55.25 

CHROMA 

58.83 

DELAY 

(MSEC) 

CHROMA  DELAY 

15.7  \ 

°2. 

17.3,  ^ 

* 16.7 

'°4 

/ 

/ 15.5 

/ 

SUM  OF  DELAY 

(AFTER 

CONVERSION) 

D',  * Dj  * 32.4 

' 'D2  + o'A  « 32.8 

PICTURE 

CHROMA 

CHROMA  DELAY 
AFTER 

EQUALIZATION 
8Y  CONVERSION 

(02  + D4)  - (Of  + 03)  = CHROMA  DELAY 
32.8  - 32.4  • 0.4  NSEC 

o 
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Proceeding  on  to  further  methods  of  transmission  path 
delay  equalization,  the  following  items  will  be  dis- 
cussed: 

Delay  Equalization  of  upstream  channel  received  at  Head 
End. 

Delay  Pre-Equalization  of  channels  at  Head  End  and 
example  of  cascade  group  delay  accumulation. 

Shape  of  channel  2 delay  characteristic  due  to  broad- 
band cable  repeater  high  pass  filter. 

Linear  delay  equalizer. 

Test  results  of  cascade  group  delay  equalization. 

Delay  Equalization  of  Upstream  Channel  Arriving  at  Head 
End 

To  correct  the  delay  distortion  caused  by  an  upstream  signal 
path  on  a given  channel,  a delay  equalizer  can  be  placed 
at  any  of  a number  of  points  in  the  Head  End  signal  pro- 
cessor chain. 

Referring  to  Figure  10,  delay  equalization  of  a single 
upstream  channel  will  be  described.  The  received  upstream 
channels  are  separated  from  the  downstream  channels  by 
means  of  a low  pass  filter  (LPF)  . Assuming  use  of  a 
single  channel  converter,  the  received  upstream  channel 
is  converted  to  a standard  television  channel,  such  as 
channel  2 or  channel  3.  The  signal  can  now  be  applied  to 
a standard  heterodyne  signal  processor.  Delay  Equaliza- 
tion can  be  accomplished  either  at  i-f  frequencies  or  at 
r-f  frequencies.  Delay  equalization  at  i-f  frequencies 
is  convenient,  since  a single  set,  or  family  of  delay 
equalizers  can  be  designed  to  accommodate  all  channels, 
rather  than  a set  of  delay  equalizers  for  each  channel. 

Delay  equalization  at  i-f  frequencies  is  shown  in  Figure 
10,  where  the  heterodyne  i-f  amplifier  output  is  fed  to 
a delay  equalizer  rather  than  directly  to  the  upconverter 
input.  On  the  other  hand,  since  only  a few  channels  should 
need  delay  equalization,  it  can  be  done  at  the  actual 
channel  frequencies. 

The  block  entitled  IF  DELAY  EQUALIZER  could  alternately 
be  placed  at  the  UPCONVERTER  output.  The  delay  equalizer 
is  designed  to  provide  various  combinations  of  equaliza- 
tion as  discussed  next. 

The  delay  equalizer  can  provide  an  equalized  signal  output 
which  has  minimum  delay  error.  This  signal  can  be  used 
locally  at  the  head  end  or  fed  to  another  transmission 
path  which  does  not  introduce  unacceptable  delay  distor- 
tion. Signal  output  #1  of  Figure  10  would  be  used  for  this 
purpose. 
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LOCAL  USE 
OM  FURTHER 
TRANSMISSION 
(OUTPUT  I) 


FIGURE  10  BLOCK  DIAGRAM  OF  HEAD  END,  DETAILING  ONE 
ARRANGEMENT  OF  ROUND  TRIP  GROUP  DELAY 
EQUALIZATION 


After  the  received  channel  has  been  delay  equalized, 
it  can  then  be  fed  thru  a delay  pre-equalizer  for 
transmission  back  into  the  system  on  the  downstream 
path.  Output  #2  of  Figure  10  refers  to  this  signal. 


If  desired,  the  upstream  delay  equalizer  can  be  bypassed 
and  the  delay  equalizer  used  for  pre-equalization  only. 
This  arrangement  can  be  used  to  provide  delay  pre- 
equalization for  channels  received  off-the-air. 


Delay  Pre-Equalization  of  channels  at  the  Head  End 
The  use  of  delay  pre -equalization  was  mentioned  in  the 
last  section.  Delay  pre-equalizations  means  that  a 
predetermined  amount  of  delay . distortion  is  added  to 
a channel  at  the  head-end  or  at  a signal  input  point. 
The  sense,  or  shape  of  the  pre-equalization  delay  curve 
is  the  negative  of  the  delay  curve  which  the  signal 
will  experience  in  passing  through  the  system.  An  ex- 
ample of  the  results  which  can  be  expected  by  the  use  of 
®®l®y  pre-equalization  are  shown  in  Figure  11. 
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DELAY. CHANNEL  I 9 
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DOWNS  I RE  AM  GROUP 
DELAY  ACCUMULAI  J'1 
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FIGURE  11  PRINCIPLE  OF  DELAY  EQUALIZATION  THRU  2-WAY 
TRANSMISSION  AMPLIFIER  CASCADE 


A set  of  single  channel  delay  curves  is  shown  in  Figure 
11  (a)  . These  delay  curves  could  be  the  delay  gener- 
ated in  a channel  passing  through  the  upstream  path,  or, 
they  could  be  a set  of  delay  curves  generated  by  a de- 
lay pre-equalizer  in  the  head  end  at  the  downstream 
channel  frequency.  If  it  is  due  to  the  upstream  path 
delay,  then  this  channel  can  be  converted  to  a set  of 
downstream  channel  frequencies.  The  delay  curve  is  pre- 
served thru  this  frequency  conversion. 

In  Figure  11  (b) , the  dashed  delay  curve  represents  the 
channel  delay  as  the  signal  proceeds  thru  a downstream 
path  which  introduces  delay  which  is  shown  by  the  solid 
curve  in  Figure  11  (b)  . Note  that  after  the  16th  am- 
plifier in  the  downstream  path,  the  delay  variation  of 
the  downstream  channel  as  shown  by  the  dashed  curve  is 
reduced  compared  to  the  delay  variation  caused  by  the 
downstream  transmission  path  alone. 

Block  diagrams  of  methods  to  delay  pre-equalize  channels 
originating  at  the  head  end  are  shown  in  Figure  12.  De- 
lay pre-equalizers  can  be  designed  at  video,  if,  or  the 
actual  r-f  frequency  of  the  desired  channel . Equaliza- 
tion at  if  or  rf  frequencies  may  be  more  effective  than 
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video  delay  equalizers  because  of  the  FDM  delay  char- 
acteristics. (Refer  to  Figure  3). 

Block  diagrams  of  delay  pre-equalizing  upstream  channels 
/> re  shown  in  Figure  13.  The  upstream  delay  pre-equaliza- 
tion magnitude  can  be  greater  than  th>at  of  a downstream 
channel,  since  the  upstream  channel  will  normally  not 
be  viewed  or  used  until  it  reaches  the?  head-end  or 
hub.  Therefore,  an  amount,  of  delay  pre-equalization 
which  would  cause  objectionable  viewing  quality  pictures 
could  be  introduced  at  the  upstream  signal  input  location 
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FIGURE  12  BLOCK  DIAGRAM  SHOWING  METHODS  OF  DELAY 
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FIGURE  13  BLOCK  DIAGRAM  OF  DELAY  PRE-EQUALIZATION  AT 
UPSTREAM  SIGNAL  INPUT  LOCATION 
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Channel  2 Group  Delay  Characteristics 
A group  delay  characteristic  over  channel  2 frequency 
band  is  shown  in  Figure  14.  This  curve  was  calculated 
by  a circuit  analysis  program  developed  by  Anaconda 
Electronics. 


FIGURE  14  CALCULATED  GROUP  DELAY  IN  CHANNEL  2 FOR 
TWO  FILTERS  OF  SAME  DESIGN  BUT  DIFFERENT 
CUTOFF  FREQUENCY 

The  filter  analyzed  is  referred  to  as  C08-05-63  and  was 
taken  from  page  286  of  Reference  5.  It  is  an  eighth 
order  filter  with  design  values  to  realize  a 26dB  pass- 
band  return  loss.  Inductor  Q's  = 200  were  used  and  the 
cutoff  frequency  of  the  filter  was  41  MHz  for  curve  A 
and  45  MHz  for  curve  B.  The  Anaconda  Electronic  Model 
2153  FDM  filter  has  a delay  characteristic  which  falls 
between  the  two  shown. 

A straight  line  is  drawn  thru  both  curves  to  show  how 
well  the  delay  characteristic  of  a single  filter  approxi 
mates  a straight  line.  The  straight  line,  or  linear, 
approximation  of  the  delay  curve  is  significant,  since 
linear  time  delay  network  designs  have  been  in  use 
for  other  applications  for  many  years.  By  using  a 
linear  time  delay  network  with  a slope  equal  in  magni- 
tude and  opposite  in  sign  to  the  filter  characteristic, 
excellent  delay  equalization  is  obtainable. 


LINEAR  TIME  DELAY  EQUALIZER 

A linear  time  delay  network  or  section  is  shown  in 
Figure  15.  The  total  delay  correction  or  pre- 
equalization required  will  determine  the  number  of 
sections  required. 


FIGURE  15  SCHEMATIC  OF  LINEAR  TIME  DELAY,  ALL 
PASS  NETWORK 

This  type  of  network  is  designed  to  have  a flat  amplitude 
response  and  linear  time  delay  (quadratic  phase)  response 
over  a given  frequency  band.  It  is  effective  over  a single 
television  channel.  However,  it  can  be  designed  to  cover 
more  than  a single  television  channel.  Calculated  delay 
values  for  a single  section  of  network  similar  to  that 
shown  in  Figure  15  are  listed  below.  This  network  was 
used  to  equalize  the  group  delay  variation  of  the  channel 
2 band  through  a cascade  of  ten  FDM  filters  (5  amplifier 
cascade)  . The  delay  characteristic  of  the  network  built 
was  shifted  slightly  in  frequency  from  those  values  in  the 
Table  6.  TABLE  6 


CALCULATED  DELAY  EQUALIZER  RESPONSE 

FREQ  (MHZ) 

PHASE  (DEGREES) 

DELAY  (NSEC) 

54.25 

39.5 

13.5 

55.25 

44.9 

17.0 

56.25 

51.8 

21.8 

57.25 

60.8 

28.6 

58.25 

72.8 

38.6 

59.25 

89.2 

53.1 

60.25 

111.6 

72.5 
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Test  Results  of  Delay  Equalizer  Network 
Ten  Anaconda  Electronics  Model  2153  filters  were  con- 
nected in  cascade  and  the  group  delay  versus  frequency 
response  measured  on  a General  Radio  Type  1710  analyzer 
system.  The  response  of  this  cascadle  is  shown  in  Figure 
16(a).  The  vertical  scale  is  10  ns  per  large  division 
and  the  horizontal  scale  is  1.0  MHz  per  large  division. 
The  center  of  the  horizontal  scale  is  55  MHz.  Two  delay 
network  sections  (networks  similar  to>  that  shown  in 
Figure  15)  were  constructed.  The  delay  response  of  these 
two  sections  is  shown  in  Figure  16(b). 


The  delay  response  of  the  ten  filter  cascade  plus  a single 
delay  network  section  is  shown  in  Figure  17(a)  In  Figure 
17(b)  is  shown  the  ten  filter  cascade  plus  two  delay  sec- 
tions in  cascade.  Note  that  a reduction  of  Channel  2 
chroma  delay  from  28  ns  to  10  ns  is  achieved.  By  vary- 
ing element  values  of  the  delay  equalizer  networks  even 
better  equalization  can  be  attained. 


Conclusion 

If  the  assumption  that  a shaped  chroma  delay  of  178  nan- 
oseconds will  result  in  an  acceptable,  saleable,  picture, 
then  the  following  conclusions  can  be  made. 


Upstream  Path 

The  chroma  delay  of  a channel  can  far  exceed  178  nan- 
oseconds if  the  channel  is  appropriately  delay  equalized 
before  final  viewing  or  further  transmission.  This  is 
possible  because  the  signal  will  probably  be  received 
at  a single,  or  at  most,  a few  locations,  so  that  delay 
equalization  at  the  receiver  is  practical.  Chroma  delay 
of  the  upstream  cable  path  will  be  negative  for  Channel 
T7  (chroma  carrier  has  less  delay  than  picture  carrier) 
and  positive  for  Channel  T-10  (chroma  carrier  has  more 
delay  than  picture  carrier) . Chroma  delay  of  Channels 
T8  and  T9  may  be  either  positive,  negative,  or  U-shaped, 
depending  on  components  used  in  system. 

To  estimate  the  upstream  delay  on  Channels  T-8,  T-9,  and 
T-10,  the  upstream  FDM  filter  chroma  delays  and  upstream 
amplifier  chroma  delays  should  be  known.  The  chroma  de- 
lay of  Channel  T-7  can  be  estimated  when  the  chroma  de- 
lays of  the  total  number  of  components  (listed  on  Page  10) 
in  the  path  is  known. 

Downstream  Path 

Total  allowable  downstream  path  delay  can  be  354  nsec  if 
178  nsec  of  delay  pre-equalization  is  inserted  in  the 
signal  path  at  the  head  end.  Because  of  the  multi-receiver 
locations  along  the  downstream  path,  delay  equalization  at 
the  receivers  is  not  practical  at  this  time. 
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(b) 

FIGURE  16  a)  Group  delay  versus  frequency  of  cascade 

of  ten  (10)  high  pass  FDM  filters 
b)  Delay  response  of  two  delay  equalizer 
sections 
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a)  Delay  response  of  10  filter  cascade  plus 
single  delay  equalizer  section 

b)  Delay  response  of  10  filter  cascade  plus 
two  delay  equalizer  sections 


FIGURE  17 
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Downstream  delay  pre-equalization  can  be  accomplished 
either  by  conversion  of  the  upstream  channel  with  suit- 
able delay  characteristic  or  a delay  network  equalizer, 
or  a combination  of  both. 

The  downstream  path  delay  is  easier  to  predict  than  the 
upstream  path  delay,  since  the  predominant  delay  con- 
tribution is  due  to  the  FDM  filters. 

If  delay  equalization  is  used,  care  must  be  taken  to 
insure  than  an  acceptable  delay  characteristic  across 
the  channel  bandwidth  is  attained. 

Video  waveform  testing  in  addition  to  a modulated  20T 
or  12. 5T  pulse  test  may  be  necessary. 
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APPENDIX  I 


Delay  Characteristics  of  Low  Loss  Cable 

The  complex  propagation  constant  of  a transmission 
line  is 

= (R+jwL)  (G+jwC)  (1) 

The  quantity  (R+jwL)  is  the  equivalent  series  impeuance 
per  unit  length,  and  (G+jwC)  is  the  equivalent  shunt 
admittance  per  unit  length.  The  real  part  of  f is  the 
attenuation  constant  per  unit  length,  and  the  imaginary 
part  of  y is  the  phase  shift  per  unit  length. 

For  a low  loss  line,  R«wL  and  G«wC.  Using  these 
approximations  and  the  binomial  expansion,  the  imaginary 
part  of  (1)  becomes: 


Equation  (2)  is  the  phase  shift  constant  of  a low  loss 
line.  By  taking  the  derivative  of  B with  respect  to  W, 
the  group  delay  of  the  low  loss  cable  becomes: 


Note  that  this  term  is  not  independent  of  frequency,  and 
therefore  all  frequencies  are  not  delayed  by  the  same 
amount.  However,  the  variation  in  delay  over  a 4.2  MHz 
bandwidth  is  so  small  for  the  cable  presently  used  in 
CATV  systems  that  the  effects  of  this  delay  distortion 
can  be  ignored.  As  a numerical  example,  equation  (3)  is 
evaluated  for  a sub- low  and  low  band  channel.  The  re- 
sults are  listed  on  page  8.  Typical  cable  constants  are: 

Velocity  of  Propagation 

V = .82V  = 1 7.87  x 108ft/sec 

c o 'f^T 

VQ  is  the  velocity  of  propagation  for  free  space. 

Capacity  per  foot  C = 16.5  pf/ft  (Both  500  and  750  cable) 
Cable  attenuation  at  68°F 

500  Cable  .243dB/100ft  at  10  MHz,  . 59aB/100ft  at  55  MHz 
750  Cable  .166dB/100ft  at  10  MHz,  .41dB/100ft  at  55  MHz 
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Introduction 

In  this  paper  we  will  show  how  increased  channel  loading  and  out- 
put capability  affects  the  performance  levels  of  future  CATV 
amplifiers.  The  expected  operating  levels  of  the  transistors  used 
in  CATV  amplifiers  tomorrow  is  shewn  to  be  much  greater  than  in 
the  past.  Transistor  non-linearities  causing  cross-modulation, 
second  order  and  triple  beat  forms  of  distortion,  are  discussed 
in  light  of  increased  peak  output  capability.  A new  transistor 
design  and  its  performance  in  a discrete  CATV  amplifier  circuit 
is  presented. 

1.  Hot-;  expansion  of  channel  loading  affects  CATV  amplifier  and 
transistor  design. 

A review  of  the  history  of  cross-modulation  specifications  would 
appear  in  order  at  this  point  and  is  shown  in  Table  I.  Note  that 
early  systems  were  specified  fot  ’)  to  12  cliai'iiel  capacity  • The 
trend  since  1964  has  been  to  add  pilot,  FM,  mid  and  superband 
channels.  The  previously  shown  cross -mod  specification  necessi- 
tates not  only  higher  output  capability,  so  that  more  amplifiers 
can  be  cascaded,  but  also  necessitates  increased  channel  capa- 
bility. Let's  take  a closer  look  at  how  channel  loading  affects 
not  only  amplifier  design  but  the  design  of  transistors  used  in 
those  amplifiers*  Applying  the  specifications  given  for  the  1964 
amplifier,  the  peak  output  power  capability  per  channel  is  calcu- 
lated as  follows: 

Single  channel  output  levels  into  75  ohms 
+42  dSmV  (=)  126  mV  (=)  1.68  mA  RMS 
Average  power  - E x I - 211  yVJ 
Peak  power  = *'2  E x /2  I = 422  yW 

When  more  than  one  channel  is  present,  and,  depending  upon  the 
phase  relationship  between  the  signals,  present  at  only  one  instant 
in  time,  the  peak  output  power  can  exceed  the  calculated  level 
for  a single  channel.  Although  the  average  power  of  the  output 
signal  is  the  sum  of  the  average  power  of  each  signal  present, 
the  peak  output  power  can  be  several  times  the  average  power. 

Ke  will  now  see  hew  peak  envelope  power  levels  of  the  9 channel 
amplifier  compare  with  today's  and  tomorrow’s  amplifier. 

Table  II  gives  the  calculated  cutout  peek  voltage,  current  and 
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Table  I 


History  of 
an  all-band 

cro  s s- modul  a t i on 
transistor  main 

specifications 
line  amplifier 

for 

Channel  loading 
(flat  response) 

dBmV  output  capability 
for  -57  dB  XM 

Year  1964 

1968 

1972 

9 

42 

12 

41 

48 

56 

20 

46 

35 

50 

Table  II 


Peak  CATV  amplifier 

output 

levels  for  -57 

dB  XM 

Channel  loading  and 

Volts 

Current 

Power 

level  into  75  ohms 

(V) 

(mA) 

(mW) 

9 ch  @ +42  dBmV  (1964) 

1.6 

21.4 

34. 

20  ch  @ +46  dBmV  (1968) 

5.66 

75.3 

426 

35  ch  @ +50  dBmV  (1972) 

15.6 

209 

3300 
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pcwer  specifications  for  the  amplifiers  previously  mentioned  in 
Table  1.  The  requirements  for  increased  capacity  and  output 
level  dramatically  increased  the  peak  levels  of  voltage,  as  shown 
in  Fig.  1,  and  power  in  Fig.  2.  It  can  be  expected  that  the 
operating  levels  of  the  output  semiconductors  of  newer  amplifiers 
will  have  to  provide  these  peak  levels  in  addition  to  being 
linear.  The  nomograph  in  Fig.  3 allows  us  to  take  a quick  look 
at  what  the  very  mihinum  operaring  points  of  a device  would  have 
to  be.  Besides  offering  second  order  cancellation,  a push-pull 
output  stage  provides  better  efficiency  for  an  additional  3 dB 
output  capability.  Assuming  a push-pull  output  stage  was  needed 
to  meet  the  35  channel  operating  level  of  +50  dBmV,  we  next  choose 
the  collector  load  line  impedance  we  expect  to  operate  on.  Since, 
the  cur/e  was  initially  constructed  for  12  channel  operation,  tiie 
output  level  contours  must  be  corrected  by  approximately  5 dB  to 
represent  peak  device  requirements  for  35  channel  operation.  The 
output  contour  is  thus  determined  to  be  (+50  -3  +5)  +52  dBmV.  On 
the  nomograph  the  150  9.  collector  load  intersects  the  +52  dBmV 
locus  at  VCE  = 9.5V  and  I.g  = 65  mA. 

In  addition  to  these  specifications  the  end  item  user  expects 
improved  noise  figure  and  efficiency  so  that  he  may  be  able  to 
cascade  mote  amplifiers  and  lower  his  cost  per  mile.  Cost  and 
reliability  are  always  important  in  consumer  service  and  these 
factors  find  their  way  hack  to  the  equipment  and  component 
manufacturer  as  tougher  specifications. 

As  a semiconductor  manufacturer  TRW  has  been  providing  discrete 
devices  and  hybrid  function  modules  specifically  to  the  CATV 
industry  for  several  years.  The  realization  of  the  increased 
need  for  output  capability,  which  we  have  just  shown,  caused  TRW 
to  accelerate  its  intensive  R&D  effort  on  the  development  of 
transistor  devices  capable  of  meeting  the  future  industry  needs 
while  continually  upgrading  present  products.  To  do  this  we 
started  our  investigation  at  the  beginning;  the  design  of  a high 
power,  high  frequency,  linear  amplifier. 

Once  an  amplifier  is  designed  it  is  constructed  with  mostly 
passive  components.  Resistors,  capacitors  and  inductors  used  in 
CATV  amplifiers  are  normally  linear  devices  and  do  not  directly 
contribute  to  the  resulting  distortion  levels.  The  most  gener- 
ally applied  technique  for  lowering  distortion  is  the  application 
of  negative  feedback.  Since  we  know  the  feedback  will  reduce 
distortion,  stabilize  operating  point,  and  increase  frequency 
response,  we  expect  that  some  form  of  feedback  will  be  used.  It 
a single  stage,  for  example,  exhibits  1%  distortion  and  we  can 
apply  10  dB  of  feedback,  the  distortion  and  gain  is.  reduced  by 
10  dB.  It's  obvious  that  it  would  bo  better  to  have  0.1%  distor- 
tion to  start  with  and  reduce  that  initial  level  by  10  dB  with  the 
feedback.  The  approach  taken  by  R&D  at  TRU  has  been  to  provide 
the  semiconductor  division  with  the  design  of  an  ultra-linear 
transistor  with  increased  dynamic  range.  This  device  design 
has  set  new  standards  of  performance  in  the  reduction  of 
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distortion  in  the  form  of  cress-modulation,  second  order  and 
triple  beat.  In  order  to  develop  this  highly  linear  microwave 
transistor,  an  in-depth  investigation  into  all  of  Lite  non- 
linearities  c i!  a bipolar  transistor  was  initiated. 

2 . Trans  is  tor  non-lincari  ties 

2 • 1 Relationship  of  output  capability  and  dynamic  load  line 

The  minimum  transistor  bias  requirements  for  the  above  mentioned 
+50  dlimV  output  capability  wure  presented  in  Tig.  3*  Next  we 
transfer  the  bias  point  (A)  to  a sec  of  over-idealized  transistor 
transfer  characteristics  and  construct  a dynamic  load  line,  slope 
equal  to  -1/RL,  with  the  expected  peak  voltage  swings,  Fig.  Aa. 
Having  completed  this  operation  it  becomes  apparent  that  when  the 
signal  swings  positive,  increasing  voltage,  it  will  transverse  to 
a Vgg  voltage  of  zero,  provided  the  device  had  no  limiting 
resistance.  However  transistors,  like  tubes,  have  their  limita- 
tions. A slightly  more  representative  set  of  device  curves  with 
a load  line  is  shown  in  Fig.  4b.  Note  that  for  the  same  bias 
point,  when  the  signal  swings  positive,  it  will  transverse  into 
a very  nonlinear  current  region  and  when  decreasing,  the  signal 
will  be  limited  by  the  saturation  resistance  of  the  device. 

These  nonlinear  regions,  cutoff  and  saturation,  cause  severe 
clipping  of  the  signal  and  car.  be  avoided  by  increasing  the  bias 
current  ar.d  voltage  to  the  point  C where  the  expected  voltage 
and  currant  swing  is  well  within  the  capability  of  the  device. 

All  quality  CATV  amplifiers  are  designed  with  bias  points  well 
within  the  device  characteristics  and  are  analyzed  over  the 
expected  temperature  range  to  insure  bias  point  stability. 

2.2  Temperature  variation 


The  temperature  of  the  active  portion  of  the  device  is  given  by, 


T 


and 


dT 


(rk.  + P . ,)G.  + T 

bias  signal  jc  s 

(dP,  + dP  )G.  . 
b s jc 


We  have  choscni  the  bias  point  and  lead  line  to  follow  a constant 
power  contour  so  that  dPb  = 0.  The  impact  of  synchronous  multi- 
channel operation  is  seen  in  that  dPsigual  is  the  power  in  a 
single  channel  tiurv;  the  number  of  channels.  The  relative  change 
in  temperature  is  then: 


dT/T  = -NdP  0.  /(VT6.  + T ), 

s jc  CCjc  R 


since  Pgjjrn-ii  Is  initially  zei’o  and  dP*0  is  made  zero  by  the  choice 
of  load  line.  The  change  is  negative  since  power  is  removed  via 
the  output  signal.  The  change  in  c!l  relative  to  the  operating 
temperature  is  plotted  versus  output  level  for  9,  12,  20,  and 
35  channels  - in  Fig.  5.  The  impact  of  this  change  on  various 
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parameters  can  be  significant  at  low  cross-modulation  levels. 

For  example,  Fig.  6 shows  the  temperature  variation  in  resis- 
tivity of  typical  collector  and  base  material. 

2 . 3 Collector  non-linearity 

Nearly  all  CATV  amplifier  circuits  are  designed  to  have  minimum 
capacitance  (junction,  metal,  stray)  projected  across  the  col- 
lector circuit  in  order  tc  obtain  the  wide  bandwidths  required. 
However  there  is  another  reason  to  minimize  the  output  circuit 
capacity.  Where  a high  frequency  signal  is  present,  the  collector 
will  see  a reactive  load.  Owing- to  the  angle  between  the 
sinusoidal  current  and  voltage  in  reactive  loads,  the  collector 
current  will  not  have  the  same  value  for  increasing  collector 
voltage  that  it  has  for  decreasing  voltages.  The  load  line  is  a 
form  of  an  ellipse,  varying  from  a straight  line  for  a pure 
resistive  collector  load  to  a circle  for  loads  of  pure  reactance. 
Fig.  7 shows  that  for  extreme  swings  the  elliptical  load  line  can 
swing  into  nonlinear  regions  of  the  device.  Microwave  power 
transistors  exhibit  two  fixed  output  capacitances  plus  junction 
and  stray  capacitances  which  degrade  second  order,  cross- 
modulation,  raid  triple  beat  performance. 

Wc  have  discussed  the  importance  of  minimizing  fixed  capacitance 
to  reduce  the  elliptical  load  line.  The  forms  of  fixed  capaci- 
tance significant  in  bipolar  transistors  are  metal  over  oxide 
(MCS)  and  header  cr  case  capacitance.  Great  care  hac  been  taken 
by  semiconductor  manufacturers  in  the  design  of  their  devices  to 
reduce  die  area  of  metallization  over  silicon  oxide  and  make  the 
silicon  oxide  as  thick  as  possible  to  reduce  the  basic  chip 
capacitance.  Since  a poor  package  can  often  have  mucli  more  stray 
capacitance  than  the  chip  exhibits,  new  strip  line  packages  with 
low  parasitic  lead  inductance,  case  capacitance,  and  excellent 
thermal  characteristics  were  developed. 

The  properties  of  any  semiconductor  junction  are  a function  of 
the  voltage  across  it  and  the  current  through  it.  Hie  collector- 
base  junction  capacitance  is  inversely  proportional  to  the  col- 
lector emitter  voltage  and  barely  independent  of  the  collector 
current  at  the  low  level  class  "A"  bias  for  linear  CATV.  A large 
Vce  bias  is  desired  to  minimize  C0b  as  well  as  dC0b/dVcE>  t*ie 

differential  of  C , with  respect  to  V_. 

ob  Ch 

The  collector  capacitance  is  the  result  of  the  parallel  plate 
analogue  of  the  widening  collector-base  depletion  region.  This 
widening  gives  rise  to  a non-linearity  in  the  collector  resist- 
ance, rc,  which  is  a resistor  with  length  equal  to  the  epitaxial 
thickness  minus  the  junction  depth  and  the  depletion  width.  To 
minimize  the  resistance,  the  epitaxial  layer  should  be  barely 
thick  enough  to  contain  the  depletion  width  plus  a little  cushion 
for  second  breakdown  resistance.  Again  a large  Vq?  is  desired  to 
reduce  rc  and  to  minimize  drc/dVQg  since  the  depletion  width 
variation  is  least  at  high  V<jk* 
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The  magnitude  of  C0i,  could  be  reduced  by  using  a higher  collector 
resistivity;  but  that  would  be  at  the  expense  of  the  collector 
resistance  and  the  allowable  current  density,  which  hasn't  been 
a good  tradeoff.  Actually,  device,  ruggedness  requires  thicker, 
higher  resistivity  epitaxial  layers  at  the  expense  or  performance. 

As  noted  earlier,  when  power  is  taken  from  the  device  the  tem- 
perature drops  and  the  result  is  a decrease  in  rc.  This  will  be 
reflected  as  a decrease  in  V(je (SAT)  and  an  increase  in  fj,  both 
of  which  cause  a gain  expansion  and  second  order  distortion. 

2.4  Emitter-base  non-linearities 


There  are  two  identified  non-linearities  associated  with  the 
emitter  base  junction,  a shift  in  the  contact  potential,  Vjje,  and 
the  multifaceted  effects  of  temperature.  The  microwave  transis- 
tors used  in  CATV  amplifiers  have  the  injection  shift  due  to 
crowding  from  the  bottom  of  the  emitter  to  some  point  up  the  side, 
where  the  concentration  and  hence  Vjje  is  higher.  This  shift  in 
injection  and  VgE  is  effectively  suppressed  at  typical  bias 
currents  by  the  use.  of  a shallow  diffused  emitter  with  a second 
contact.  This  forces  injection  at  the  bottom  of  the  emitter  away 
from  the  edge.  It  also  avoids  a premature  roll-off  of  S and  ff 
with  current  as  a result  of  a wider  base  when  injection  shifts  up 
the  side.  The  simple  diode  equation  becomes: 

Ie  = lo(T).  expCqV/kT  - In  (>!  /Ki(T)2)) 

and  one  realizes  that  saturation  current,  the  nominal  26  milli- 
volts, and  the  intrinsic  concentration  aro  all  functions  of 
temperature. 

First  order  contribution  of  the  base-emitter  non-linearity  to 
second  and  third  order  distortion  has  been  observed  and  analyzed 
in  several  papers. J»“  By  observing  the  familiar  ideal  diode 
current-voltage  relationship,  Fig.  8,  we  would  expect  the  dis- 
tortion due  to  operation  at  about  point  A for  a small  excursion 
in  base-emitter  voltage  to  be  very  small  as  the  curve  at  this 
point  appears  very  straight.  But,  we  are  talking  about  distortion 
on  the  order  of  100  dft  down  and  that  is  approximately  0.001% 
non—linearitv.  N'ote  the  nonlinear  exponential  characteristic  of 
current  with  respect  to  voltage,  in  the  diode  equation. 

From  the  equations  of  Mallinckrodt^  we  have  generated  a family 
of  curves  representing  the  degree  of  second  and  third  order  dis- 
tortion as  a function  of  both  emitter  current  and  device  current 
gain.  Fig.  9,  10. 

As  can  be  s;ecn  from  Fig.  10  it  appears  that  the  third  order 
distortion  term  disappears  at  unique  values  of  current  gain  and 
emitter  current.  (Mallinekrcdt  also  shows  this  sharp  null  is 
dependent  upon  source  resistance.)  Two  important  factors  obtained 
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from  Figs.  9 and  10  arc  the  reduction  in  second  and  third  order 
distortion  due  to  low  current  gain  and  high  emitter  current. 

These  conclusions  are  verified  from  our  knowledge  of  the  ideal 
diode  current-voltage  relationship  shown  in  Fig.  8.  Higher 
current  gain  implies  lower  base  current  drive  (point  B)  operating 
in  the  more  nonlinear  base-emitter  region.  Likewise  higher  cur- 
rent requiring  more  base  drive  forces  the  device  to  operate  in 
the  more  linear  region  of  the  base  emitter  junction  characteristic. 

2.5  Power  gni.n  non-linearity 

Cross-modulation  and  other  distortions  are  the  result  of  a non- 
linear power  transfer  curve.  The  factor  relating  the  output  power 
to  the  input  power  is  the  power  gain  of  the  transistor  amplifier, 
which  is  given  by, 

P„  = fT/8Ttf2r’C 
g T be 

The  f,p  is  related  to  the  low  frequency  beta  by, 
fT  = Bcf/(1  + jf/fT). 

It  can  be  seen  from  the  equation  that  not  only  does  beta  roll  off 
with  frequency,  but  there  is  also  a phase  shift.  Upon  expanding 
the  power  transfer  curve  into  a power  series,  many  of  the  coeffi- 
cients normally  considered  real  will  be  imaginary  leading  tc 
additional  null  possibilities.  The  obvious  design  goal  is  a high 
fT  to  reduce  the  beta  roll-off  and  phase  shifL.  For  an  f-j>  of 
4 GHz  the  beta  roll-off  is  pushed  out  past  the  superband  and  the 
phase  shift  is  only  a few  degrees.  The  power  gain  is  then: 

Pg  = 3o/8.£(l  + Jf/fT)rJCc. 

The  negative  temperature  shift  when  signal  power  is  removed 
reduces  (30  resulting  in  a compression  and  cross-modulation.  The 
effect  of  frequency  will  result  in  compression  in  the  high  band 
unless  appropriate  feedback  is  employed. 

Of  particular  interest  are  the  effects  of  I q and  Vc  on  the  r£Cc 
product.  With  increasing  Vc,  increases  via  base  narrowing, 
giving  rise  to  gain  compression  and  Cc  decreases  giving  rise  to 
gain  expansion.  With  increasing  current  r£  can  decrease,  with 
base  widening,  giving  rise  to  gain  expansion.  Increasing  Iq  can 
also  decrease  Cc  for  further  gain  expansion.  If  the  magnitudes 
of  the  distortions  are  nearly  equal  and  opposite,  nulls  can  result 
from  increasing  Vq  arid  be  retraced  as  the  result  of  increasing 
current.  Shallow  diffused  processing  with  higher  base  concen- 
trations reduces  dr^/dVcE  and  dr^/dlc  since  there  is  less  deple- 
tion of  the  collector-base  junction  into  the  base  region.  Again 
high  VCg  lowers  Cc  and  dCc/dVQ. 
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2 . 6 S-pnrnmctcr  contour  evaluation 

The  distortion  parameters,  previously  described, characterize  the 
device  in  terms  of  measured  quantities,  such  ns,  hpg,  C^,  etc., 
at  lower  than  operating  frequencies. 

Muller  indicated  that  a good  measure  of  output  capability,  i.e., 
linearity,  could  bo  obtained  by  taking  the  forward  S-parameters 
|S2i!?-  of  a device  over  the  cr.pccted  current  and  voltage  operating 
range  and  frequency,  lie  showed  that  the  more  non-linear  the 
|S21 1 2 parameter,  forward  transducer  gain,  the  more  output  dis- 
tortion would  be  present.  Carrying  this  concept  further,  we  can 
project  a load  line  on  the  forward  transfer  characteristics  | S21 1 
to  obtain  a relative  feel  for  its  non-linear  contribution.  As  an 
example  Fig.  11  shows  the  |Soip  parameter  for  a low-noise  small- 
signal  MATV  device.  The  load  line  required  for  35  channel  output 
level  intersects  several  constant  contours  indicating  the  relative 
distortion  contributed  by  this  parameter.  The  next  figure  repre- 
sents the  constant  j S21  |~  contours  for  a medium  power  microwave 
transistor  normally  used  in  a class  C mode.  Although  its  non- 
linear contribution  is  less  than  the  previous  device  it  is  still 
too  large  to  be  of  use  in  low.  cross-modulation  amplifiers.  In 
the  analysis  used  at  TRW  to  develop  an  ultra-linear  RF  transistor 
we  have  gene  several  steps  further.  These  steps  are  the  analysis 
of  the  behavior  of  all  four  S-parameters  at  band  edges  and  over 
the  expected  operating  range.  The  reason  this  somewhat  elaborate 
analysis  is  taken,  is  to  determine  which  of  the  previously  men- 
tioned non-linearities  is  the.  most  dominant  one  at  a particular 
operating  point. 

The  | S21 ! ^ contour  of  the  G\TV  device  shown  in  Fig.  12  exhibits 
much  greater  linearity  over  the  load  line  than  either  of  the  two 
previously  shown  devices.  The  analysis  now  proceeds  to  the 
investigation  of  the  effects  of  the  other  S-parameters.  The 
and  S22  contours,  shown  in  Fig.  13,  represent  the  amount  of 
signal  reflected  by  the  device  at  certain  voltage  and  current 
bias  points.  Projecting  a typical  load  line  over  these  input  and 
output  characteristic  curves  and  visualizing  several  instantaneous 
operating  points  we  obtain  a feel  for  the  amount  of  distortion 
contributed  due  to  the  non-linear  input  and  output  behavior. 

S-paramctcr  characteristics  allow  us  to  measure  the  combined 
effects  of  collector-saturation,  cutoff,  current  gain  non- 
linearity, conduction  modulation,  etc.,  at  the  operating  frequen- 
cies. By  further  analysis  of  these  plots,  using  the' ideas 
presented  in  the  work  of  Linvill  and  Gibbons-^,  wo  have  been  able 
to  assign  the  dominant  distortion  contributing  factors  in  the 
device.  What  we  have  learned  through  all  of  this  analysis  has 
been  applied  to  the  design  of  our  almost  totally  cross-modulation 
free  SIAM,  a Super  Linear  And  Microwave  transistor. 
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3.  The  SLAM  transistor 

The  SLAM  transistor  is  a matrix  pattern,  which  has  an  emitter  like 
an  expanded  tic-tac-toe  diagram  with  base  contacts  in  the  open- 
ings of  the  matrix  or  grid.  The  emitter  perimeter  to  base  area 
ratio  is  7 for  good  microwave  performance  and  operation  over  the 
CATV  band.  The  photolithography  of  0.1  mil  lines  and  0.07  mil 
space  has  produced  good  yields.  As  stated  earlier  the  emitter 
is  contacted  through  a final  oxide  layer  rather  than  being  con- 
tacted through  the  emitter  diffusion  opening  as  other  microwave 
transistors  are.  This  produces  more  linear  operation  by  forcing 
injection  uniformly  across  the  bottom  of  the  emitter. 

Shallow  diffusions  with  high  base  and  emitter  sheet  resistances 
are  employed  to  achieve  better  base  transport.  The  steeper 
diffusion  front  of  the  shallow  base  diffusion  also  serves  to 
reduce  the  collector-base  depletion  back  into  the  base  region. 

The  highest  collector  concentration  consistent  with  device  rug- 
gedness toward  second  breakdown  and  energy  surge,  further  sup- 
presses collector-base  depletion  back  into  the  base  region.  The 
higher  emitter  sheet  resistance,  in  conjunction  with  the  con- 
tacted emitter  pattern  provides  significant  ballasting  for  bal- 
anced operation  of  this  microwave  transistor  at  CATV  frequencies 
The  metallizing  on  the  device  is  currently  a long-life  nichrome- 
aluminum  with  more  than  adequate  cross-sectional  area  and  a glass 
overcoating  to  avoid  electromigration  and  other  reliability 
problems.  A tungsten-gold  metallizing  system,  for  even  longer 
operating  iifetime  is  nearing  completion  in  K&D. 

4.  Distortion  performance  of  the  SLAM  in  discrete  CATV  amplifier 
circui ts. 

The  proof  of  a successful  transistor  chip  design  is  left  in  the 
hands  of  the  circuit  designer.  That  circuit  designer  usually  has 
little  or  no  knowledge  of  what  has  gone  into  the  development  of 
the  device.  Unique  in  the  industry  is  the  approach  taken  at  TRW 
where  device  and  circuit  engineers  work  together  toward  a mutual 
understanding  of  the  important  distortion  factors  and  their 
reduction. 

To  evaluate  the  performance  of  SLAM  devices  it  was  first  necessary 
to  characterize  it  by  S-parameters  as  shown  earlier.  The  parame- 
ter values  were  then  combined  with  a circuit  design  computer 
program  to  optimize  the  feedback  for  gain  flatness  and  input/ 
output  impedance  match  to  1000  MHz.  Because  the  device  exhibits 
considerable  current  gain  phase  shift  over  frequency  small  exter- 
nal matching  elements  are  added  to  further  improve  flatness. 

Initial  cross-modulation  performance  of  the  design  is  sham  in 
Fig.  14  thru  16.  Device  XM-28  had  a 12  channel  flat  cross- 
modulation performance  bettor  than  -65  dB  on  both  channels  2 and 
13.  The  figures  indicate  that  the  optimum  voltage  and  current 
ranges  for  maximum  performance  are  very  broad  and  the  device 
appears  well  behaved. 
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Mentioned  previously  were  the  possible  effects  of  temperature 
and  thermal  modulation  in  producing  cross-modulation.  By  lover in g 
the  junction  temperature  and  forcing  the  thermal  cross-modulation 
upward,  there  appears  in  cross-modulation/eurrent.  curves  an 
improvement  in  cross-modulation  for  16  volt  Vqt  and  bad  behavior 
at  17  and  18  volts.  Hi  is  is  due  to  the  fact  that  some  of  thermal 
components  of  cross-modulation  exhibit  a phase  term  in  their 
coefficient.  The  various  phases  change  as  a function  of  collec- 
tor voltage,  current,  output  level,  temperature  and  frequency.  It 
should  not  be  suprising  by  now  to  imagine  one  instant  in  time  an 
upward  modulation  caused  by  low-band  signals  and  a downward 
modulation  caused  by  superband  signals  resulting  in  an  apparent 
cross-modulation  level  cf  -.100  dB.  This  could  also  be  accomplished 
by  changing  the  form  contribution  of  thermal  modulation  to  null 
out  base-emitter  non-linearity.  This  was  done  as  shovm  in  Fig.  16 
where  the  additive  cross-modulation  components  at  a poor  bias 
point  wore  modified  by  changing  the  duty  cycle  and  repetition 
rate  of  the  modulation.  This  reduced  the  thermal  modulation 
effect  of  the  junctions  and  resulted  in  cross -modulat ion  level 
of  -90  dB,  Fig.  17. 

It's  apparent  that  the  complex  cross-modulation  levels  measured 
here  dc  net  reflect  the  cross-modulation  produced  only  by  a 
real  third  order  non-linearity  term.  A truer  indication  of  the 
magnitude  of  the  third  order  contribution  is  obtained  by  measuring 
the  triple  beat  performance  of  the  device.  The  results  of  this 
te«:t\  ^ g.  18.  indicate  that  the  triple  beat  characteristic  was 
smooth,  no  nuliing  behavior,  and  that  the  best  triple  beat  was 
close  to  the  best  cross-modulation  level.  We  would  expect  that 
the  triple  beat  level  would  be  slightly  more  than  20  dB  below 
the  measured  cross -modulat  ion  as  shown  by  Simons^.  This  is  if 
the  cross-modulation  is  dominantly  third  order  and  phase 
independent . 

It.  has  been  brought  out  by  some  that  cross-modulation  due  to 
thermal,  modulation  is  not  as  important  as  triple  beat  performance. 
They  argue  that  in  actual  usage  the  device  will  never  experience 
synchronous  modulation  and  therefore  the  thermal  modulation  con- 
tribution will  bo.  zero.  We  caution  purchasers  of  equipment  and 
devices  against  adopting  this  view.  Besides  the  major  networks 
many  independents  are  using  atomic  clocks  to  derive  their  timing 
standards.  This  means  that  the  chance  of  true  synchronous  modu- 
lation is  ever  increasing  and  that  the  worst  case  NCTA  cross- 
modulation test  for  output  capability  is  still  a very  valid  one. 

Although  we've  limited  most  of  our  discussion  to  cross-modulation 
effects,  a device  with  only  good  cross-modulation  is  useless. 

Along  with  reducing  cross-modulation  we  were  able  to  design  and 
control  the  device  parameters  to  reduce  second  order  distortion 
at  a particular  bias  point.  At  some  bins  points  the  base  emitter 
second  order  non-linearity  will  cancel  the  collector-base  second 
order  contribution  giving  a null,  or  minimum  in  the  distortion 
level,  ns  shown  in  Fig.  19.  We  are  also  able  to  guarantee  this 
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null  point  when  the  device  is  used  properly  over  the  complete 
operating  band  of  frequencies.  Of  course  as  shown  by  the  curves 
the  relative  width  of  the  null  for  a given  second  order  level  is 
dependent  upon  both  voltage  and  current  bias  points.  Care  must 
be  taken  by  circuit  designers  to  insure  that  the  bias  circuits 
are  capable  of  providing  the  degree  of  bias  stability  required 


over  temperature  according  to  I 

A single  stage  transformerless 
performed  as  follows: 

Frequency  response: 

Gain : 

Gain  flatness: 

Cross-mod  @ +50  dBmV: 
2nd  order  @ +50  dBmV: 

Vcc  = +24V,  Ic  = 100  mA 
Return  loss: 


he  level  of  performance  desired, 
amplifier  design  shown  in  Fig.  21 


5 MHz  to  1000  MHz 
7 dB 
±0.5  dB 

-85  dB  Ch  2 and  Ch  13 
-76  dB  Ch  2 
-72  dB  Ch  G 
-74  dB  Ch  13 


>16  dB  50-250  MHz 


Two  stages  were  combined  to  evaluate  the  additive  effects  on 
performance  and  to  obtain  a minimum  gain  of  15  dB  over  a somewhat 
smaller  bandwidth.  Because  of  the  stray  circuit  elements  the 
flatness  and  input  match  are  not  indicative  of  what  can  be  obtained 
when  this  circuit  is  transformed  to  hybrid  form  where  the  para- 
si  tics  a cletign^d  into  tho  r.in  tolling  und  gnin  fliitnc!.  o no  Lv'?r/.s 


Ttoo  stage  performance: 


Frequency  response: 

Gain : 

Gain  flatness: 

Cross -mod  ± +50  dBmV: 
2nd  order  @ +50  dBmV: 

VCC  " +24V»  TC  ’ 196  mA 
Return  loss: 


5-1000  MHz 
18  dB 
±0.5  dB 
-82  dB 

-66  all  three  channels 


>18  dB  50-250  MHz 

>16  dB  250-500  MHz 

>10  dB  500-1000  MHz 


Next  a four  stage  circuit  was  fabricated  and  exhibited  the 
following  characteristics: 


Frequency  response: 
Gain : 

Cross-mod  I?  +50  dBmV: 
2nd  order  '2  +50  dBmV: 


N.F.: 

Vcc  = 24V,  Ic  total  - 2 GO 


5-300  MHz 
30  dB  ±0.5  dB 
-72  dB  Ch  2 
-78  dB  Ch  13 
-60  dB  Ch  2 
-64  dB  Ch  G 
-64  dB  Ch  13 
9.4  dB  Ch  13 
mA 
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Return  loss: 
5.  Conclusions 


>18  dB  50-250  Mllz 

>16  dB  250-500  MHz 


This  work  serves  to  demonstrate  that  distortion  (cross-modulation, 
second  order,  triple  beat,  etc.)  in  CATV  amplifiers  is  caused  by 
many  mechanisms,  all  of  which  must  be  suppressed  simultaneously 
to  achieve  the  desired  low  levels  of  distortion.  If  one  form  of 
distortion  is  severe, suppression  of  all  the  others  does  not  show 
in  the  result.  If  two  forms  remain  significant  and  one  is  rising 
while  the  other  is  falling,  as  a function  of  voltage,  current, 
frequency  or  temperature,  nulls  appear  in  the  results.  At  TRW, 
we  have  identified  (1)  power  loading  as  a cause  of  temperature 
variation,  (2)  signal  swing  around  the  dc  bias  as  a variation  in 
the  instantaneous  characteristic  of  the  transistor,  and  (3)  band- 
width as  a frequency  variation  in  the  instantaneous  characteristic 
of  the  transistor  as  the  primary  distortion  producing  mechanisms. 
We  then  designed  the  SLAM  transistor  to  suppress  the  effects  of 
temperature,  Vq,  and  Iq  on  the  transistor  characteristic.  Finally 
the  circuit,  to  match  the  transistor,  was  designed  to  provide  a 
flat  response  over  the  CATV  band,  to  reduce  the  remaining  dis- 
tortion, and  to  compensate  the  phase  over  the  CATV  band  via 
feedback.  The  transistor  is  packaged  in  a low  parasitic  strip- 
line stud  to  preserve  the  thermal  design. 
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Peak  Voltage 


Fig.  1.  Peak  RF  voltage  across  75  ohns  as  a function  of  output 
level  and  channel  loading. 
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Fig.  2.  Normalized  peak  and  average  power  loading  as  a 
function  of  number  of  channels  present. 
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Fig.  3.  Nomograph  to  determine  minlnem  blab*  oolnt  for  a given  collector 
load  impedance  and  12  channel  flat  iterating  level. 
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(b)  VCE  (VOLTS) 

Fig,  4.  (a)  Over  Idealized  device  curves  with  150ft  loadline  Cor 

+ 50  dBraV,  12  channel  operating, 

(b)  Idealized  curves  showing  required  bias  point 
shift  to  prevent  waveform  clipping. 
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Fig,  6,  Resistivity  versus  temperature  for  collector  and 
base  material. 
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Fig*  7a.  Idealized  device  curves  with  Increasing  saturation 

rccic ’J 2n 2C  2.S  2 of  fvPoiiMnM*  arif!  a rpflrfiv.* 


Fig.  7b.  Over-idealized  device  that  could  produce  the  curves 
in  Fig . 4a. 
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Fig.  10.  Third  order  base-emitter  distortion  chnractorlutics 
for  Rs  - 100 
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CE(V31.TS) 

Fjg.  11.  Forward  transmission  ratio  jS21  | contours  of  a 

(a)  Low-noise  snail  signal  microwave  transistor  (MATV  front  end) 

(b)  Medium  power  microwave  transistor  (1  watt,  2 GHz  class  C) 
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Fig.  13.  Output  and  input  S-paramccers  contours  at  250  MHz. 
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1.  "Municipal  Codes  and  Regulations 11  - Robert  J.  Hoffman 

Mr.  Hoffman  explored  some  of  the  municipal  regulations 
that  the  cable  industry  is  expected  to  encounter,  especially 
as  they  pertain  to  underground  engineering,  and  explained 
the  necessity  of  such  regulations  from  the  municipalities  ' 
point  of  view.  Forty-nine  percent  of  all  public  power  systems 
have  adopted  policies  of  undergrounding  distribution  facilities 
in  all  new  residential  subdivisions,  and  telephone  companies 
have  programs  to  convert  existing  aerial  facilities  to  under- 
ground. As  most  utilities  are  located  in  street  rights  of 
way,  it  follows  that  the  undergrounding  of  these  facilities 
will  result  in  a number  of  conflicts  with  respect  to  the 
cutting  of  pavement  for  installation  and  maintenance  of  under- 
ground electric  distribution  and  communication  systems.  In 
addition,  the  accidental  digup  of  underground  utility  lines 
is  a problem  that  plagues  many  communities  and  utility 
companies.  Mr.  Hoffman  urged  all  cable  operators  to  join 
with  other  utility  companies  and  municipal  departments  and 
the  other  utility  coordinating  committees  that  are  being 
formed  throughout  the  country  in  order  to  coordinate  their 
efforts  for  their  common  good. 

2.  "Highlights  - Underground  Construction  Techniques"  - 

Theodore  J.  Swanson  & J.  Robert  Bird 

Mr.  Swanson  opened  his  talk  by  stating,  "...if  you  don't 
have  to  go  underground  with  the  cable  plants,  don't  do  it..." 

It  can  be  an  extremely  expensive  venture,  especially  in 
the  major  metropolitan  areas.  Some  of  the  areas  of  concern 
are:  developing  the  right-of-way  easement;  cost  of  concrete, 

pavement  cutting  or  trenching;  labor  and  material  factors; 
maintaining  onsite  supervision  when  facilities  are  being 
placed  in  joint  trenches;  cost  of  cover up,  blacktopping,  etc. 

Experience  has  shown  that  a certain  amount  of  civil 
engineering  practice  is  necessary  in  order  to  properly  design, 
sketch,  and  engineer  an  underground  facility  in  the  highly 
developed  areas. 

Of  the  materials  available  today,  Cyprus  advocates  that  the 
construction  of  most  of  the  underground  cable  be  buried  plants 
with  conduit.  It  provides  the  convenience  of  future  main- 
tenance and  refurbishing.  Additionally,  if  placed  relevant 
to  homes  in  new  developments  and  tracts,  there  is  a potential 
of  additional  future  revenue.  &s  an  example,  in  the  late 
1800 's.  New  York  City  franchised  various  entrepreneurs  to 
place  conduit  within  the  streets  of  New  York.  Today,  these 
conduits  and  rights  of  way  are  highly  overburdened  with 
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communications  facilities.  It  is  advisable  to  get  the 
conduit  facilities  installed  at  the  time  the  joint  trench 
is  open,  thus  allowing  the  installation  of  cable  and 
electronic  facilities  when  the  tract  is  fully  developed  and 
when  cable  TV  would  be  a financially  successful  endeavor. 
Additionally,  early  installation  of  conduit  saves  the 
expense  of  the  installation  later  without  the  complication 
of  street  borings  and  enclosures  of  private  property 
refencing  and  landscaping.  However,  with  the  constant 
state  of  change,  the  cable  plants  buried  five  years  ago  will 
not  handle  the  20-channel,  two-way  transmission  requirements 
that  our  industry  is  presently  recommending.  Mr.  Swanson 
felt  that  the  advantage  of  having  the  capability  of  being 
able  to  remove  and  refurbish  today's  cable  facilities  will 
far  outweigh  the  cost  factor  in  having  to  completely  re- 
construct for  the  future  technological  changes.  Three  areas 
mentioned  where  direct  burial  of  cable  television  facilities 
should  be  considered  were  rural  areas,  existing  tracts  or 
developments  where  economics  of  cable  operations  prohibit 
the  placement  of  conduit  type  facilities,  and  undeveloped 
areas  where  extensive  streets  and  sidewalks  have  not  yet 
been  placed. 

The  type  of  conduit  material  was  discussed — polyethylene 
vs.  polyvinyl  chloride  conduit  (PVC)  . Polyethylene  comes  in 
300'  sections  and  is  a soft  and  semiflexible  material.  It 
is  easy  to  place  in  a trench,  can  be  bent  to  make  corners 
and  curves  without  special  elbows  and  plumbing,  is  generally 
cheaper  and  quicker  to  install.  Its  disadvantages  are:  it 
is  hard  to  handle  and  store,  bulky  and  difficult  to  ship, 
cannot  be  glued  or  sealed  and  is  easily  collapsed  if  thin- 
walled.  pvc  comes  in  shorter  lengths,  is  easily  shipped 
and  stored.  It  is  easily  installed  with  special  solvents 
allowing  effective  seals,  can  be  manufactured  with  preformed 
splices  and  bends  for  short  radii.  Its  disadvantages  are: 
it  costs  20  to  30  percent  more  than  polyethylene,  requires 
more  labor  to  install,  requires  consistent  chemical  proper- 
ties and  wall  thickness  because  of  its  being  easily 
shattered  by  rocks  and  sharp  blows  of  the  workers'  tools. 

When  conduit  is  installed  prior  to  the  installation 
of  the  cable  and  electronic  facilities,  it  is  necessary 
to  be  able  to  trace  the  conduit.  It  is  advisable  to  install 
a pull  wire  or  pull  rope  which  will  enable  later  pulling 
of  the  coax.  Its  most  important  aspect  is  that  one  can 
attach  a signal  generator  to  the  wire  and  with  the  use  of 
of  a pipe  tracer  or  metal  detector,  one  can  trace  the 
conduit  routing  underground.  This  is  helpful  in  finding 
conduit  breaks. 
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Mr.  Bird  covered  some  of  the  problems  of  underground 
installation — the  difficulty  in  obtaining  pole  contracts 
and,  in  some  cases,  the  requirements  in  franchises  and 
pole  contracts.  Mr.  Bird  covered  the  two  common  methods 
of  installing  buried  cable — plowing  and  trenching,  and 
discussed  the  technique  for  splicing  after  installation 
if  it  is  inevitable  that  the  cable  will  be  cut  and  a 
splice  required. 

Another  aspect  of  an  underground  plant  is  the  impor- 
tance of  accurate  maps  and  record  keeping.  Maps  should 
denote  the  depth  of  the  cables,  the  distances  between 
amplifiers  and  other  equipment,  and  their  exact  locations 
in  respect  to  permanent  landmarks.  The  records  should 
include  accurate  flow  charts  on  each  amplifier,  equalization 
methods,  cable  characteristics,  and  a maintenance  record 
on  all  amplifiers. 

3 . "Simulated  Environmental  Aging  of  CATV  Cable”  - 

Dr.  Richard  Barone 

Dr.  Barone  introduced  his  talk  by  pointing  out  the 
continual  technological  advancement  of  the  CATV  industry 
with  examples.  Many  of  the  improvements  were  directly 
attributable  to  improvement  in  the  cable  materials  or  the 
manufacturing  method  involved  in  making  the  cable.  Tests 
were  made  on  seamless  aluminum  shielded  CATV  cable  with  a 
foamed  polyethylene  dielectric.  Residual  compressive 
stresses  in  the  cable  were  measured  using  the  parameter  of 
aluminum  shield  removal  force.  A series  of  time— temperature 
exposures  were  run  on  one-half  inch  diameter  cable  after 
which  aluminum  shield  removal  force  measurements  were  made 
on  specimens  having  a contact  length  of  two  and  one-half 
inches.  The  rapid  rate  of  decay  at  times  and  temperatures 
easily  encountered  in  the  field  suggests  that  high  stresses 
induced  by  manufacturers  in  order  to  minimize  moisture 
absorption  may  exist  for  only  a short  time  since  environmental 
conditions  may  anneal  out  the  residual  stresses. 

Another  fact  of  interest  was  that  the  center  conductor/ 
dielectric  bond  is  chemical  in  nature  and  even  stronger  than 
the  dielectric  itself,  whereas,  the  aluminum  shield/dielec- 
tric bond  is  strictly  mechanical  in  nature. 
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4 . "Underground  Costs  and  Installation  Trade-Offs"  - 

George  R.  McGrory 

Mr.  McGrory  pointed  out  some  of  the  reasons  why  under- 
ground installations  are  increasing  in  the  communication 
industry.  In  addition  the  local  governmental  agencies  are 
beginning  to  insist  that  all  new  construction  be  placed 
underground.  Some  of  the  disadvantages  of  changing  from 
aerial  to  underground  were  enumerated — locating  other 
underground  facilities,  removing  and  restoring  sod,  opening 
trenches  and  installing  cable,  installing  electronic  devices. 

Labor  costs  were  explored  for  a typical  normal  instal- 
lation and  installation  with  conduit.  Installation  with 
conduit  is  much  more  expensive;  however,  considering  the 
changes  that  are  going  to  take  place  in  the  future — increased 
bandwidth  capabilities,  system  redesign  for  dual  plant 
capacity,  and  increased  labor  and  maintenance  costs — 
planning  and  scheduling  will  help  save  many  dollars 

5 . "Reliability  and  Maintenance  of  Total  Underground  Systems" 

Eugene  R.  Moon 

Quality  components  do  not  necessarily  equate  to  a quality 
system;  but  to  build  a reliable  system,  one  must  begin  with 
quality  components. 

Conduit  in  underground  construction  is  the  most  important 
single  i>tem  next  to  waterproofing.  Your  system  should  be 
planned  so  as  to  have  space  for  future  expansion,  for  example, 
two-way  transmissions  probably  will  require  more  than  one 
cable  in  the  conduits.  Trunk  cable  and  feeder  cable  in 
separate  conduits  allows  for  possible  replacement  with  minimum 
of  down  time;  damming  of  conduits  in  flush  vaults  is  very 
important;  and  the  use  of  duct  tape  (silver  tape)  when 
installing  conduits  in  vaults  is  cheaper  than  cleaning  conduits 
later . 

Concrete  vaults  are  common  in  underground  systems.  The 
size,  location,  and  lids  are  important  considerations  when 
planning  actual  construction.  Size  is  most  important  because 
minimum  cable  bending  radius  dictates  the  size,  not  price. 
Location  is  next  in  importance.  Watch  for  drainage  routes 
that  may  leave  a vault  constantly  full  of  water.  Location 
dictates  the  type  of  lid  required.  The  steel  fishplate 
lids  in  some  cases  will  save  money  due  to  constant  breakage. 
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Pedestals  above  ground  are  the  least  expensive  protection 
for  active  and  passive  components,  but  also  have  some  pitfalls. 
The  most  common  problem  is  condensation.  Adequate  air  space 
between  the  ground  level  and  the  base  of  the  pedestal  will 
ensure  that  practically  no  condensation  takes  place.  In 
addition,  for  continued  protection,  heat  shrink  sleeves  (or 
tape)  and  a coating  of  liquid  neoprene  may  be  used.  Don't 
just  think  dry  construction  but  practice  dry  construction. 

Waterproofing  equipment  enclosures  is  the  single  most 
important  item  relating  to  reliability  and  maintenance  of 
total  underground  systems.  Mr.  Moon  pointed  out  that,  as 
experienced  constructors,  they  rely  heavily  upon  good  pedestals 
and  hermetically-sealed  enclosures.  The  additional  cost  of 
the  enclosure  and  labor  to  install  are  quickly  recaptured 
by  lower  maintenance  expenses. 

Commercial  power  outages  are  fewer  in  areas  where  all 
utilities  are  underground. 

In  a discussion  after  Mr.  Moon's  presentation,  a suggestion 
was  made  that  the  CATV  industry  adopt  a standard  color  for 
the  CATV  conduit.  Other  underground  facilities  also  could 
be  recognized  by  standard  colors. 
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It  has  often  been  said  that  nothing  is  certain  except  death 
and  taxes.  One  might  add  a third  certainty  — governmental 
regulation.  Whether  we  like  it  or  not,  governments  do  regulate 
many  aspects  of  our  business  activities  and  even  our  personal 
conduct.  In  all  liklihood,  governmental  regulation  will  increase, 
rather  than  diminish,  as  our  society  continues  to  urbanize  and 
become  increasingly  interdependent. 

Most  of  us  have  mixed  feelings  about  regulations  — we 
object  to  them  when  they  restrict  us,  but  we  can  readily  appre- 
ciate the  need  to  control  the  other  guy.  This  is  as  true  of 
governmental  officials  as  it  is  of  private  citizens  and  businesses. 
We  become  highly  indignant  if  a zoning  ordinance  prohibits  us 
from  building  an  8 foot  high  fence  in  our  own  backyard,  but  are 
quite  relieved  when  it  prevents  our  next  door  neighbor  from 
opening  an  auto  repair  shop  in  his  garage  as  a home  occupation. 
There  are  obviously  different  points  of  view.  This  afternoon  I 
would  like  to  explore  with  you  some  of  the  municipal  regulations 
that  you  can  expect  to  encounter,  especially  as  they  pertain  to 
underground  engineering,  and  try  to  explain  from  the  municipality’s 
point  of  view  the  necessity  of  such  regulations. 

I knov;  that  there  is  much  controversy  and  uncertainty  sur- 
rounding  the  regulation  of  your  industry  at  this  time.  At  least 
three  levels  of  government,  federal,  state,  and  local  claim 
jurisdiction.  I don’t  know  how  this  will  finally  be  resolved, 
but  I am  willing  to  bet  that  municipalities  will  retain  at  least 
some  jurisdiction,  particularly  as  it  pertains  to  the  use  of 
municipal  street  rights-of-way  for  the  location  of  cable  tele- 
vision facilities. 

Municipal  Franchises 

The  franchise  agreement  granting  an  operator  the  right  to 
provide  cable  television  service  in  the  municipality  and  setting 
forth  the  conditions  under  which  the  franchise  is  granted  is  the 
basic  agreement  between  the  operator  and  the  municipality.  This 
agreement  will  almost  always  carry  a provision  requiring  the 
operator  to  comply  with  all  applicable  municipal  ordinances, 
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regulations,  and  standards.  The  franchise  may  also  incorporate 
by  reference  the  provisions  of  such  national  codes  as  the  Nation- 
al Electrical  Safety  Code  for  v:ork  in  the  public  right-of-way, 
the  National  Electrical  Code  for  work  on  private  proDertv  and 
inside  buildings,  and  others  as  well  as  municipal  ordinances 
relating  to  street  openings  and  traffic  control.  The  Occupational 
Safety  and  Health  Act  of  1970  is  another  regulation  that  will 
affect  your  operations,  however,  this  is  being  administered 
at  the  state  or  national  level  rather  than  at  the  municipal  level. 

The  franchise  may  be  a very  comprehensive,  restrictive,  and 
tightly  worded  document,  or  it  may  be  very  brief  and  less  restric- 
tive. As  you  know,  municipalities  until  recently  had  no  experi- 
ence with  cable  television,  and  the  franchises  they  granted 
reflected  this  fact.  In  the  beginning  it  seems  that  most  muni- 
cipalities were  concerned  principally  with  the  revenue  to  be 
realized  from  the  franchise  and  neglected  some  other  important 
considerations.  To  provide  some  guidance,  the  National  Institute 
of  Municipal  Law  Officers  in  1969  issued  a model  ordinance  for 
the  granting  of  non-exclusive  community  television  franchises, 
which  contains  clauses  concerning:  compliance  with  applicable  laws 
and  ordinances,  company  liability,  service  standards,  company 
rules,  condition  of  street  occupancy,  preferential  or  discriminatory 
practices,  extension  policies,  transfer  of  franchise  rights,  city 
rights  in  the  franchise,  payments  to  the  city,  rates,  records 
and  reports,  term  of  the  franchise  and  penalties,  among  others. 

I suspect  that  you  are  now  finding  municipalities  becoming  a 
little  more  sophisticated  and  perhaps  demanding,  in  their  approach 
to  the  writing  of  franchise  agreements.  I think  that  the  fran- 
chises that  you  will  be  looking  at  soon  will  be  concerned  ad- 
ditionally with  the  capability  of  the  system  especially  concerning: 
two-way  communications;  the  number  of  channels  required  to  be 
provided;  the  allocation  of  channels  for  different  uses  including 
free,  dedicated  non-commercial  public  access  channel  availability, 
educational  channels,  and  municipal  channels;  the  type  of  service 
to  be  provided  such  as  meter  reading  and  alarm  systems,  and 
communication  and  control  capabilities  such  as  information 
retrieval;  the  identification  of  priority  groups  to  be  served; 
and  provision  of  production  facilities  and  staff  support  for 
public  programming  among  other  requirements. 

Street  Opening  Regulations 

Apart  from  the  terms  of  the  franchise  agreement  itself,  the 
municipal  regulations  which  will  have  the  greatest  effect  on 
your  operation  will  probably  be  the  street  opening  regulations. 

You  may  not  have  come  across  many  of  these  yet  since  so  much  of 
your  existing  plant  is  aerial  construction.  However,  it  is 
clear,  or  ought  to  be  clear  to  everyone,  that  the  trend  toward 
the  undergrounding  of  electrical  supply  and  communication 
facilities  will  continue.  In  1971  approximately  88%  of  the  new 
building  sites  served  by  the  various  telephone  companies  was  via 
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underground  construction  and  many  telephone  companies  have  pro- 
grams to  convert  existing  aerial  facilities  to  underground. 
Forty-nine  percent  cf  all  public  power  systems  have  adopted 
policies  of  undergrounding  distribution  facilities  in  all  new 
residential  subdivisions.  Investor-owned  electric  utilities  are 
also  undergrounding  their  new  installations  and  converting  exist- 
ing aerial  plants.  In  mosc  cases  undergrounding  is  being  done 
voluntarily  but  utility  commissions  in  a number  of  states  have 
moved,  or  are  moving,  to  require  the  undergrounding  of  electric 
distribution  and  communication  systems.  With  the  current  public 
concern  for  environmental  protection  and  aesthetics,  it  seems 
likely  that  more  state  agencies  will  require  underground ing  if 
the  utility  companies  do  not  voluntarily  move  in  this  direction 
rapidly  enough. 

As  most  utilities  are  located  in  street  rights-of-way  rather 
than  on  private  easements  where  accessibility  may  be  a problem, 
it  follows  that  the  underground  ing  of  these  facilities  will  result 
in  their  placement  under  street  pavement.  This  joint  use  of  right- 
of-way  gives  rise  to  a number  of  conflicts  which  municipalities 
have  attempted  to  control  through  the  adoption  of  street  opening 
regulations. 

The  number  of  street  cuts  in  a typical  urban  community  may 
surprise  you.  .In  a recfnt  study  by  APWA,  the  cities  of  Denver,  Los 
Angeles,  and  Montreal  reported  45,511,  40,009,  and  25,000  street 
cuts  per  year  respectively.  In  Montreal,  it  cost  $2  million  to 
restore  these  pavement  cuts.  The  cutting  of  pavement  for  instal- 
lation and  maintenance  of  underground  utility  facilities  obviously 
impedes  the  flow  of  traffic,  poses  safety  hazards  both  to  the 
traveling  public  and  the  utility  workman,  pollutes  the  environ- 
ment with  construction  dirt  and  noise,  inhibits  access  to  abut- 
ting properties,  and  does  some  damage  to  the  structural  strength 
and  serviceability  of  the  street  no  matter  how  well  the  pavement 
is  restored.  We  don’t  know  precisely  what  the  total  system  costs 
of  cutting  pavements  are  (we  are  attempting  to  calculate  this  in 
a study  that  we  are  now  doing  for  the  Federal  Highway  Administra- 
tion) , but  one  estimate  of  the  present  worth  of  the  costs  of  the 
traffic  delays  caused  by  30  cuts  per  year  on  a 1-1/2  mile  section 
of  road  is  $281,000.  This  includes  only  the  time  lost  by  the 
motorist  and  the  increased  vehicle  operating  costs.  When  one 
adds  the  cost  of  pavement  restoration,  the  cost  of  accidents  of 
all  kinds  attributable  to  utility  work  in  street  rights-of-way 
and  the  less  tangible  cost  to  the  abutting  property  owner  of 
noise  and  dirt  and  so  on  it  is  apparent  that  these  costs  are 
considerable.  They  are  borne  in  varying  amounts  by  the  operator 
of  the  utility,  the  local  government,  the  highway  user,  the 
abutting  property  owner  and  the  utility  customer.  The  municipal 
official  charged  with  regulating  the  cutting  of  street  pavements 
is  attempting  at  least  to  minimize  the  cost  to  the  municipality 
and  the  motoring  public.  This  is  done  typically  by  requiring  the 
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utility  company  to  obtain  a permit  shoving  the  location  of  the 
work,  the  amount  of  street  to  be  opened  and  when  the  v;ork  is  to 
be  performed.  The  municipality  may  or  may  not  require  a perfor- 
mance bond.  The  municipality  may  require  that  work  in  certain 
busy  areas  of  town  not  be  performed  during  peak  traffic  hours, 
and  that  at  least  one  lane  of  traffic  be  maintained  at  all  times. 
The  municipality  will  usually  require  that  appropriate  barricades 
and  warning  devices  be  installed  to  protect  the  public.  A good 
guide  to  follow  is  the  Manual  on  Uniform  Traffic  Control  Devices 
for  Streets  and  Highways  published  by  the  Federal  Highway  Adminis- 
tration which  devotes  about  53  pages  to  the  subject  of  traffic 
controls  for  street  and  highway  construction  and  maintenance 
operations.  Many  municipalities  follow  these  practices  although 
some  have  their  own  local  modifications.  The  municipality  is 
very  much  concerned  with  the  backfilling  of  the  trench,  requiring 
either  that  the  native  backfill  be  compacted  or  if  it  is  not 
suitable  backfill  material,  that  granular  material  be  brought  in. 
Backfilling  requirements  are  often  a bone  of  contention  between 
the  contractor  and  the  municipal  inspector.  The  municipality  may 
also  require  that  a temporary  patch  be  placed  over  the  trench  and 
maintained  by  the  utility  company  or  its  contractor  for  some 
period  of  time  until  traffic  has  compacted  the  fill.  Some  muni- 
cipalities will  allow  or  require  the  utility  company  or  its  con- 
tractor to  restore  the  pavement  according  to  municipal  specifica- 
tions; other  municipalities  prefer  to  do  all  pavement  restoration 
with  their  own  forces  and  bill  the  permittee  for  the  cost  of  the 
restoration.  Street  opening  regulations  and  permit  fees  vary 
from  municipality  to  municipality  and  there  are  no  nationwide 
standards  for  pavement  restoration.  However,  a number  of  model 
ordinances  have  been  aopted.  The  Southern  California  Chapter  of 
the  American!  Public  Works  Association  and  the  Institute  of  Local 
Government  of  the  University  of  Pittsburgh  in  cooperation  with 
the  Western  Pennsylvania  Chapter  of  the  American  Public  Works 
Association  both  have  developed  good  model  street  excavation 
ordinances.  Many  other  municipalities  also  have  good  street 
opening  regulations. 

Municipalities  take  a very  dim  view  of  utilities  cutting  new- 
ly constructed  or  recently  resurfaced  pavements.  Some  municipali- 
ties have  established  programs  whereby  utility  companies  are 
given  advance  notice  of  the  municipality's  intention  to  pave 
or  reconstruct  various  street  segments.  The  utility  is  then  given 
a specified  period  of  time  to  install  new  underground  facilities 
in  that  street  or  to  do  extensive  repair  work  prior  to  the  paving 
of  the  street  after  which  the  utility  companies  are  either  for- 
bidden to  cut  the  street  exceot  in  an  emergency,  or  are  given 
stiff  penalties  for  doing  so  within  a specified  number  of  years. 

Some  of  the  problems  associated  with  the  joint  use  of  street 
rights-of-way  for  transportation  and  public  utility  facilities 
have  already  beep  mentioned.  In  addition  to  these  problems,  the 
accidental  digup  of  underground  utility  lines  is  a problem  that 


7 


551 


plagues  many  communities  and  utility  companies.  Such  accidental 
digups  are  quite  numerous.  In  a recent  report  prepared  by  APWA 
for  a Symposium  on  Pipelines  Safety,  a gas  company  serving  a four 
county  area  in  the  state  of  Washington  reported  over  1100  acciden- 
tal digups  in  one  year.  One  telephone  company  has  reduced  its 
statistics  to  a per  mile  basis  — approximately  one  accidental 
digup  per  year  per  14  miles  of  buried  cable.  These  accidents 
cause  temporary  service  disruptions  which  may  be  the  source  of 
minor  inconvenience  or  be  of  major  moment  due  to  the  inability  to 
communicate  with  the  police  or  fire  department  or  a doctor  in 
the  case  of  an  emergency.  The  damage  of  gas  pipelines  has 
resulted  in  a number  of  explosions  and  numerous  deaths  in  recent 
years.  So  the  problem  of  the  accidental  digup  of  underground 
utilities  is  a real  and  serious  one.  A number  of  remedies  have 
been  proposed  to  alleviate  this  problem.  They  include  the 
establishment  of  utility  coordinating  committees  and  the  holding 
of  pre-construction  conferences,  #,call  before  you  dig**  programs, 
field  location  programs  by  utility  agencies,  improved  permit  pro- 
cedures, better  methods  of  information  dissemination,  improved 
recordkeeping,  improved  construction  specifications,  better 
field  supervision,  more  hand  excavation,  standard  utility  location 
guidelines,  the  permanent  marking  of  underground  facilities,  the 
judicious  use  of  pipeline  encasement,  better  definition  of  respon- 
sibilities between  the  contractors  and  the  utility  agencies,  and 
the  increased  use  of  utility  tunnels  for  accommodating  utility 
plant  in  congested  urban  areas. 

A number  of  communities  have  attempted  to  establish  utility 
location  standards  or  guidelines  in  the  hope  that  a more  regular 
and  orderly  arrangement  of  underground  utilities  might  alleviate 
this  problem.  The  San  Diego  Chapter  of  APWA,  the  City  of  Phoenix, 
and  a number  of  other  cities  and  groups  of  cities  around  the 
country  have  established  utility  location  guidelines.  The  typical 
recommended  location  for  telephone  and  cable  television  lines  is 
under  the  sidewalk.  In  the  current  project  that  APWA  is  doing 
for  the  Federal  Highway  Administration  we  are  going  to  try  to 
identify  the  advantages  and  disadvantages  and  total  system  costs 
and  benefits  for  various  alternative  locations  and  configurations 
of  the  mix  of  utility  lines  typically  found  in  an  urban  street. 

The  end  product  of  this  study  is  to  be  a manual  of  practice  which 
will  establish  among  other  things  standard  utility  location  guide- 
lines. This  study  is  scheduled  for  completion  by  next  summer.  A 
large  number  of  utility  companies  and  professional  associations 
interested  in  this  work  are  represented  on  the  steering  committee 
of  this  project.  The  National  Cable  Television  Association  is 
represented  by  Mr.  Charles  Henry,  the  chairman  of  this  session. 

Apart  from  complying  with  relevant  municipal  codes  and 
regulations  there  is  one  voluntary  activity  that  I would  urge  all 
operators  of  cable  TV  systems  to  engage  in.  That  is  to  join 
with  other  utility  companies  and  municipal  departments  in  the 
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many  utility  coordinating  committees  that  exist  and  are  being 
formed  throughout  the  country.  It  is  the  purpose  of  these  com- 
mittees to  inform  each  member  of  the  activities  of  the  other 
agencies  and  to  plan  ways  in  which  they  might  coordinate  their 
efforts  for  their  common  good.  The  Los  Angeles  Substructure 
Committee  and  the  Oregon  Utility  Coordinating  Council  are  only 
two  of  the  outstanding  examples  of  what  this  kind  of  committee 
can  accomplish  on  a voluntary  basis.  Many  of  these  committees 
are  responsible  for  "call  before  you  dig"  and  "locate  and  stake" 
programs  which  protect  their  underground  facilities  and  for  the 
scheduling  of  their  construction  activities  to  realize  the  econo- 
mies of  joint  trenching  and  in  other  ways  minimize  costs  and 
delays. 

Utility  Tunnels 

Another  subject  related  to  the  underground  location  of 
utility  lines  is  one  that  the  American  Public  Works  Association 
has  been  studying  recently.  That  is  the  subject  of  utility 
tunnels.  In  1970,  APWA  undertook  a study  sponsored  by  the 
Federal  Highway  Administration  and  a number  of  other  agencies 
of  the  feasibility  of  utility  tunnels  in  urban  areas.  This 
was  followed  last  August  by  a conference  co-sponsored  with  the 
Engineering  Foundation  on  Engineering  Utility  Tunnels  in  Urban 
Areas.  Both  the  proceedings  of  this  conference  and  the  report 
of  this  research  project  have  been  published  and  are  available 
from  the  American  Public  Works  Association.  The  conclusion  of 
these  investigations  is  that  utility  tunnels  are  technologically 
feasible.  They  have  been  used  for  years  in  Europe,  Japan  and  to 
a limited  extent  on  campuses  and  other  large  industrial  and 
institutional  sites  in  the  United  States.  They  can  house  the 
full  range  of  power,  communications,  water,  gas  and  other  dis- 
tribution systems  and  may  well  constitute  the  answer  to  the 
perennial  problem  plaguing  many  municipalities  on  how  best  to 
accommodate  needed  utility  facilities  in  public  street  rights- 
of  way  without  the  mutual  interference  caused  by  the  use  in 
maintenance  of  these  utility  and  highway  systems.  Placing 
utility  lines  in  tunnels  under  public  rights-of-way  can  avert 
the  continual  cutting  of  pavements  and  should  facilitate  the 
installation,  inspection,  replacement  and  maintenance  of  these 
facilities.  A few  technological  problems  must  be  resolved. 

The  development  of  in-tunnel  environmental  standards  and  the 
engineering  of  safety  and  security  systems  must  be  accomplished, 
but  these  appear  achievable.  The  institutional  problems  relative 
to  working  out  the  legal  and  cooperative  arrangements  for  the 
construction,  financing,  management  and  joint  use' of  these  tunnels 
by  a variety  of  separately  owned  utility  agencies  appears  to  be 
the  major  stumbling  block.  But  it  is  expected  that  if  the  ad- 
vantages of  the  concept  can  be  domonstrated , ways  will  be  found 
to  overcome  these  obstacles,  too. 
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Here  are  cross  sections  of  some  utility  tunnels  that  are  in 
existence.  Notice  the  dimensions  of  the  tunnel,  the  wide  range  of 
utilities  included,  and  the  placement  of  telephone  cables  on  trays. 

Slide  1 - Typical  Section  of  a utility  tunnel  in  London 

Slide  2 - Utility  Tunnel  at  Kiev,  USSR 

Slide  3 - Sidewalk  Utility  Tunnel  in  the  Ginza  District,  Tokyo, 
Japan 

Slide  A - University  of  Washington  Utility  Tunnel 

These  tunnels  are  not  dissimilar  to  the  pipe  galleries  commonly 
found  in  water  and  wastewater  treatment  plants. 

Slide  5 - A Pipe  Gallery  in  A Wastewater  Treatment  Plant 

We  are  convinced  that  the  utility  tunnel  concept  has  real 
application,  especially  in  dense  urban  areas,  for  the  accomoda- 
tion of  underground  utility  systems.  We  urge  you  to  consider 
the  potential  of  this  method  for  the  installation  of  your  under- 
ground facilities. 

Conclusion 

Time  has  permitted  only  a very  cursory  and  generalized 
review  of  the  municipal  codes  and  regulations  which  affect  the 
placement  of  cable  television  and  other  utilities  in  public 
street  rights-of-way.  In  every  case,  it  is  necessary  to  consider 
the  specific  requirements  of  the  particular  agency  with  which 
you  are  dealing  as  practices  vary  from  location  to  location 
throughout  the  country.  I think  you  will  find  that  most  public 
works  officials  who  administrer  street  regulation  and  utility 
coordination  programs  are  honest  and  fair-minded  individuals. 

They  are  doing  the  best  they  can  to  protect  the  considerable 
investment  of  the  public  in  its  highway  system  and  to  minimize 
the  inconvenience  and  hazards  to  the  public  caused  by  the  joint 
use  of  street  rights-of-way  for  transportation  and  utility  pur- 
poses. A cooperative  attitude  on  the  part  of  both  the  public 
official  and  the  utility  company  will  go  a long  way  toward 
harmonizing  the  joint  use  of  rights-of-way  for  the  good  of  all 
concerned. 
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Slide  1. 


FIG.  4-Typical  section  of  a utility  tunnel  in  London. 
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Source:  Reference  4.  APl\$A  Report  :\o.  ,»9 

FIG.  5-Utility  tunnel  at  Kiev,  USSR. 
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Slide  3. 


Source:  Keferenee  22 

FIGURE  26  - SIDEWALK  UTILITY  TUNNEL  IN  THE 
GINZA  DISTRICT.  TOKYO.  JAPAN 
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FIGURE  1 - UNIVERSITY  OF  WASHINGTON  UTILITY  TUNNEL  SECTIONS 
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Slide  5. 


FIGURE  4 - A PIPE  GALLERY  IN  A WASTEWATER  TREATMENT  PLANT  INCLUDING 
STEAM.  SLUDGE.  FRESH  AND  RECLAIMED  WATER  LINES 
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HIGHLIGHTS  - UNDERGROUND  CONSTRUCTION  TECHNIQUES 


Theodore  J.  Swanson  & J.  Robert  Bird 
Cypress  Communications  Corporation 
Los  Angeles,  California 


Good  Afternoon  Gentlemen: 

I feel  I am  conversing  to  an  audience  having  a considerable 
level  of  expertise  in  underground  construction.  Therefore, 
it  is  my  intention  to  limit  my  comments  to  lay  terms  instead 
of  a hignly  technical  presentation.  I hope  our  comments 
today  will  contribute  to  your  understanding  and  enlightment 
concerning  the  technology  of  underground  cable  television 
facilities.  My  colleague,  Mr.  Bird,  will  later  cover  some 
of  the  techniques  in  further  detail.  I feel  we  will  only 
touch  on  generalities  in  our  discussion  as  there  are  many 
facets  of  concern  in  the  topic  matter  before  us. 

With  the  continuing  pole  rental  increases,  difficulty  in 
obtaining  pole  contracts  and,  in  some  cases,  the  requirements 
of  franchises  and  pole  contracts,  underground  cable  instal- 
lation is  becoming  more  common  throughout  our  industry. 
Beautification  groups  demand  it,  public  utilities  are*  * 
headed  more  and  more  in  this  direction  and  cable  operators 
are  receiving  constant  pressure  to  adopt  this  method  of 
plant  installation. 

Although  underground  installation  has  been  practiced  for 
years  by  the  utility  companies,  it  is  a relatively  new  con- 
cept for  the  CATV  industry.  And,  as  with  anything  we  lack 
experience  in,  hesitancy,  apprehensiveness  and  phobias  exist. 

COST  CONSIDERATIONS 

Gentlemen,  ifyou  don't  have  to  go  underground  with  your 
cable  facilities,  just  simply  don't  do  it!  However,  if  for 
physical  and  legal  reasons  you  are  forced  to  consider 
installing  your  cable  facility  underground,  then  by  all 
means  check  your  bank  accounts  - because  I can  assure  you 
it  is  an  extremely  expensive  venture  and  the  costs  involved 
are  not  consistent  with  the  revenues  generated  by  today's 
cable  system  rates  and  accepted  amortization  schedules. 
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I recognize  that  in  the  future,  we  .are  definitely  going  to  hav< 
to  anticipate  and  construct  many  miles  of  underground  CATV 
facilities.  However,  I find  that  many  of  our  consti tutents 
generally  approach  underground  construction  with  attitudes 
and  cost  projections  based  on  overhead  construction  exper- 
iences from  their  past.  This  is  the  first  major  error  that 
many  of  us  make  when  anticipating  underground  construction. 

1 personal ly  iiave  found  it  extremely  difficult  to  develop 
and  forecast  accurate  financial  projections  and  underground 
construction  schedules.  This  is  particularly  true  where 
construction  is  anticipated  in  major  metropolitan  areas  such 
as  New  York,  Chicago  or  other  top  100  Market  Areas.  One  of 
my  colleagues  today  on  the  panel  has/or  will  touch  briefly 
on  cost  factors  involved  with'  placing  underground  facilities. 
However,  I feel  it  prudent  to  mention  some  of  the  more  diff- 
icult cost  factors  involved  with  underground  construction. 

The  following  areas  of  concern  should  be  approached  with 
diligence,  and  experience  in  order  to  develop  accurate  cost 
projections.  They  are: 


1.  Cost  of  developing  right-of-way  and  easement. 

2.  Cost  of  concrete  or  pav  c*  Jr*  j r,  t cutting,  boring  and 
trenching.  This  is  particularly  true  in  areas 
that  are  highly  developed  and  covered  with  sidewalk 
and/or  paved  streets  and  alleys;  i.e.,  we  find 
that  in  California  many  of  our  backyards  where 
utility  easements  are  available  are  also  enclosed 
in  brick  or  wooden  fences  thereby  causing  a con- 
siderable amount  of  variables  in  finalizing  cost 
factors . 

3.  Cost  factors  involving  the  labor  and  material  for 
the  project  itself. 

4.  Cost  factors  involved  with  maintaining  on-site 
supervision  when  the  facilities  are  being  placed 
in  j'oint  trench  facilities.  This  is  particularly 
true  where  other  contractors  are  working  in  common 
facility  over  a longer  period  of  time.  Unless 

the  cable  company  supervises  and  maintains  someone 
on  the  site,  the  chances  of  damage  to  conduit  or 
cable  are  extremely  high.  We  find  it  to  be  an 
almost  necessity  to  maintain  someone  at  the 
construction  site  until  all  activities  have  ceased 
and  the  conduit  or  cable  is  buried. 

5.  Cost  of  cover-up,  impacting  the  fill,  blackcapping 
and/or  landscaping. 


gb  k> 


560 


} 


O 

ERLC 


ENGINEERING  CONSIDERATIONS 

Most  of  today's  operators  have  generally  experienced  engineerina 
which  involved  overhead  plant  facilities  and  some  of  you  have 
encountered  underground  construction  in  areas  where  engineer- 
ing considerations  are  similar  to  those  of  the  overhead  plant. 
However,  I wish  to  point  out  that  in  many  of  today's  metro- 
politan ana  urban  areas  the  engineering  prints  and  concepts 
for  an  overhead  plant  cannot  generally  be  used  in  order  to 
obtain  the  necessary  permits  and  authorizations  to  place 
your  facility  in  private  or  muni ci pal -owned  rights  of  way 
beneath  the  surface. 

Experience  has  shown  that  a certain  amount  of  civil  enaineer- 
ing  practice  is  necessary  in  order  to  properly  design  and  sketch 
the  underground  facility.  This  is  generally  true  where  the 
municipal  authorities  are  concerned  for  other  utilities  that 
may  exist  beneath  the  surface,  such  as  water,  gas,  power  and 
telephone,  particularly  if  the  cable  entrepreneur  is  the  late- 
comer. In  this  case,  accurate  and  well-designed  engineering 
sketches  must  be  prepared  in  order  to  obtain  the  necessary 
authorizations  to  uncover  the  streets,  bore  under  sidewalks, 
etc.  While  the  engineering  of  the  electronic  facilities  remain 
similar  to  the  overhead  plant,  we  find  the  underground  physical 
design  to  cause  almost  as  much  concern  and  it  should  be  accom- 
plished by  engineers  having  a mechanical  or  civil  engineering 
background. 

If  any  of  you  in  the  audience  are  planning  on  constructing 
facilities  in  some  of  the  more  developed  downtown  areas,  I 
would  suggest  that  you  attempt  to  hire  individuals  who  have 
had  experience  «at  designing  and  placing  underground  utilities 
when  augmenting  your  staff.  People  with  this  type  of  back- 
ground and  experience  are  available  in  most  communities, 
we  have  found  a considerable  amount  of  assistance  from  former 
retired  telephone  plant  engineers  or  municipal  civil  engineers 
who  would  welcome  the  additional  income. 

CONDUIT  --  WHY 

We  at  the  Cypress  advocate  and  construct  most  of  our  under- 
ground cable  underground  plants  with  conduit.  We  recommend 
and  advocate  its  use  generally  because  we  feel  it  provides 
the . convenience  of  future  maintenance  and  refurbishing. 
Additionally,  we  feel  that  there  may  be  the  potential  possi- 
bility of  additional  future  revenue  generation  by  having  the 
conduit  placed  to  enable  routing  to  all  homes  in  new  develop- 
ments and  tracts . 
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As  an  example,  in  the  latter  1800's  the  city  of  New  York  fran- 
chised various  entrepreneurs  to  place  conduit  within  the  streets 
of  New  York.  Today,  these  conduits  and  right-a-ways  are  highly 
overburdened  with  communication  facilities.  However,  if  it 
were  not  for  the  early  development  of  these  communications 
paths  the  installation  of  cable  and  telephone  facilities  would 
be  almost  an  impossibility.  In  California  for  a cable  op- 
erator to  consider  construction  of  a cable  system  after  a 
tract  or  housing  development  is  fully  developed  with  paved 
streets,  concrete  block  walls,  etc,  we  must  anticipate  a 
tremendous  increase  in  the  cost  factors  that  I mentioned  earlier.. 
Therefore,  we  feel  it  advisable  to  attempt  to  get  conduit 
facilities  installed  at  the  time  the  joint  trench  facility 
is  opened,  even  though  some  costs  and  carried  interests  are 
generated  until  the  cable  plant  is  installed  and  activated. 

Having  the  conduit  installed  at  an  earlier  date  will  allow 
the  installation  of  cable  and  electronic  facilities  when  the 
tract  is  fully  developed  and  when  CABLE  TV  would  be  a fin- 
ancially successful  endeavor.  Additionally,  the  early  in- 
stallation of  these  conduit  routes  also  allow  installation 
without  future  complications  of  street  borings  and  the  en- 
closure of  private  property  with  fencing  and  landscaping. 

CONDUIT  VS.  DIRECT  BURIAL 

Usually  one  of  the  more  direct  questions  that  one  encounters 
in  the  decision-making  process  is  whether  or  not  the  cable 
installation  should  be  made  with  conduit  and  coaxial  cable 
or  whether  the  coaxial  cable  should  be  armored  and  placed 
directly  without  the  use  of  the  conduit  environment.  This 
particular  question  has  caused  a considerable  amount  of 
rhetoric  in  the  past  and  I am  sure  will  be  even  more  con- 
troversial as  the  technology  developed  in  the  future. 

Most  of  our  telephone  company  colleagues  today  will  recommend 
the  placement  of  armored  buried  cable  in  their  plants.  They 
point  out  that  with  proper  design,  their  systems  can  be 
planned  for  future  growth,  and  technology  changes.  Most  of 
the  utility  companies  have  had  more  than  30  years  of  histor- 
ical documentation  to  prove  that  the  properly  designed  cable 
facility  can  be  buried  directly  without  the  concerns  that  I 
express.  It  has  been  my  general  experience,  however,  that 
the  Cable  TV  and  cable  technology  has  been  in  a constant 
state  of  change.  As  an  example:  Most  cable  plants  placed 

five  years  .ago,  today  will  not  handle  20-channel  two-way 
transmission  that  the  present  industry  is  recommending.  In 
many  cases,  we  already  are  considering  the  refurbishing 
of  systems  constructed  within  the  last  five  years. 

I feel  that  todays'  embryonic  cable  technology  has  not  yet 
developed  in  comparison  with  the  tel ephone- type  cable. 
Additionally,  our  comrades  in  the  utilities  companies  are 
not  making  use  of  extremely  broadband,  coaxial  RF  transmission 
techniques,  therefore,  it  is  difficult  to  compare  the  two 


ERLC 


562 


technologies  in  order  to  arrive  at  a conclusion.-  I feel  that 
the  advantage  of  having  the  capability  to  remove  and  refurbish 
today's  cable  facilities  will  far  outweigh  the  cost  factors 
of  having  to  completely  retrench  and  reconstruct  the  plant  for 
future  vs ta te-of- tiie-art"  changes. 

There  are  areas  where  direct  burial  of  CATV  facilities  should 
be  considered,  they  are: 


1.  Rural  areas  where  long  cable  runs  are  involved. 

2.  Existing  tracts  or  developments  where  economics 

of  cable  operations  prohibit  the  placement, of  con- 
duit type  facilities. 

3.  Underdeveloped  areas  where  extensive  streets  and 

sidewalks  have  not  been  developed.  \ > 


POLYETHYLENE  VS.  POLYVINYL  CLORIDE  CONDUIT 


Once  the  posture  and  necessity  for  an  underground  plant  is 
decided,  we  generally  face  the  various  questions  of  materials 
to  be  used  in  its  construction.  One  of  the  first  considerations 
will  be  the  type  of  conduit  that  should  be  used  if  conduit  is 
anti ci pated . 

In  general,  there  are  two  types  of  conduit  configurations  that 
are  widely  accepted  by  the  industry,  they  are:  Polyethlene  and 

Polyvinyl  Cloride  which  is  sometimes  referred  to  as  PVC. 

Polyethylene  usually  comes  in  300  ft.  rolls  or  shorter;  it  is 
a soft  and  semiflexible  material. 

I ts  advantages'  are  : 


1.  Extremely  easy  to  place  in  trench  with  a minimum 
amount  of  1 abor . 

2.  Can  be  bent  to  make  corners  and  curves  without 
special  elbows  and  plumbing.  However,  it  requires 
special  coupling  and  sealing  methods. 

3.  It  is  generally  cheaper  and  quicker  to  install. 


Its  disadvantages  are: 


1.  It  is  hard  to  handle  and  store.  It  is  bul 
and  difficult  to  ship  from  manufacturer  to 
consumer. 
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2.  It  cannot  be  glued  or  sealed  like  the  PVC  due  to 

its  inherent  properties.  One  must  consider  the 
use  of  heat  shrinkable  tubing  or  splicing  sleeves 
which  are  especially  made  for  installation. 

3.  It  can  be  easily  collapsed  by  rocks  and  pressure 
if  care  is  not  undertaken  in  its  installation. 

One  must  be  careful  to  not  purchase  extremely 
thin-walled  conduit  when  polyethylene  is  used. 

4.  It  is  difficult  to  use  when  sharp  bends  and  short 
radii  are  encountered  in  the  trench  or  right-of- 
way.  Various  configurations  of  flexible  conduit 
and  adapters  must  be  considered  in  order  to  make 

a watertight  environment. 

PVC 


PVC  is  a space-age  material  presently  being  used  for  water- 
pipe,  containers,  and  other  industrial  products.  Its  advantages 
are : 

1.  It  comes  in  straight  10,  20,  and  30-ft.  sections 
which  are  easily  shipped  and  stored. 

2.  It  can  be  easily  adhered-to  or  glued  by  special 
solvents  allowing  an  effective  seal  from  hostile 
envi ronments . 

3.  It  is  manufactured  with  preformed  splices,  bends 
and  sweep  radii  which  are  necessity  in  order  to 
pull  the  coaxial  cable. 

4.  It  is  easy  to  plumb  and  makes  a very  neat 
installation. 

5.  It  presents  a smooth  even  surface  in  order  to 
facilitate  pulling  the  coaxial  cable. 

Its  disadvantages  are: 

1.  Generally  costs  20  to  30%  more  than  polyethylene. 

2.  Requires  more  labor  to  install. 

3.  Requires  consistent  chemical  properties  and  wall 
thickness  or  it  can  be  easily  shattered  by  rocks 
or  sharp  blows  of  the  worker's  tools. 
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Generally,  in  our  operations,  we  prefer  to  use  PVC  type  conduit. 
However,  in  sandy  areas  and  where  economics  play  an  extremely 
important  factor  in  its  construction,  usage  of  polyethylene 
conduit  is  widely  accepted  as  a substitute. 

Whether  PVC  or  polyethylene  conduit  is  used  for  underground 
facilities  one  should  be  extremely  careful  to  assure  that  it 
is  continuously  sealed  from  rocks,  mud,  water* and  foreign 
material.  These  cautions  must  be  observed  both  during  the 
installation  of  the  conduit  and  after  the  installation  of  the 
cable. 

CONDUIT  TRACING  AFTER  INSTALLATION 


As  I mentioned  earlier  it  is  sometimes  advisable  to  install 
conduit  prior  to  the  installation  of  the  cable  and  electronic 
facilities.  This  is  usually  the  case  when  a tract  is  being 
developed  ar.d  sold  over  a long  period  of  time  and  the  utilities 
generally  are  placed  at  a date  prior  to  the  construction  of 
homes  and  dwelling  units. 

It  is  general  policy  within  our  company  to  install  conduit  in 
these  tracts  at  a time  when  the  joint  trench  is  opened.  However 
we  have  encountered  various  problems  when  the  cable  and  elec- 
tronic installation  is  made  at  a later  date. 

Some  of  these  problems  have  been: 


1.  Muds,  water  and  rocks  in  conduit  preventing  the 
pulling  of  cable. 

. To  prevent  entrance  of  foreign  objects  and  water 
entering  the  conduit,  it  is  necessary  to  seal 
the  conduit  properly  during  its  installation  and 
thereafter. 

2.  Broken  conduit. 

3 . Lost  condu i t . 

a.  Many  times  after  these  problems  have  been 
solved,  we  find  it  impossible  to  trace  the 
conduit  routes  under  the  surface. 

In  all  installations  you  should  attempt  to  keep 
conduit  units  to  300  ft.  using  access  boxes,  to 
enable  pulling  cable  without  excess  tension,  and 
to  also  enable  later  removal  and  replacement. 
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This  is  particularly  true  when  streets  and  land- 
scaping have  been  completed  and  the  actual  conduit 
route  has  been  lost. 

Whenever  conduit  is  placed,  it  is  advisable  to  assure  that  a 
pull  wire  or  rope  is  installed.  This  will  enable  later  pulling 
of  the  coax.  We  have  found  it  helpful  to  place  a stainless 
steel  wire  (.U4o  lashing  wire  will  suffice)  in  the  conduit  at 
the  time  of  installation.  This  wire  can  be  used  later  to  pull 
a heavier  pull  line  through  the  conduit.  However,  its  most 
important  aspect  is  that  one  can  attach  a signal  generator  to 
the  wire  and  with  the  use  of  a pipe  tracer  or  metal  detector 
one  can  trace  the  conduit  routing  under  the  surface  of  the  ground. 
This  can  be  most  helpful  in  finding  conduit  breaks  and  routing. 
Therefore,  I would  recommend  inserting  a metallic  conductor 
whenever  a conduit  is  placed  without  immediate  coaxial  installation. 

I would  like,  at  this  time,  to  turn  the  presentation  over  to 
my  colleague,  Mr.  Bird,  who  will  continue  with  the  discussion. 


Good  Afternoon  Gentlemen: 


Underground  installation  can  open  Pandora's  Box,  or  at  least 
give  us  a good  look  inside.  And  unfortunately,  we  do  not  have 
a history  established  on  the  few  systems  with  underground  plant. 
Consequently,  there  are  numerous  areas  of  unanswered  questions 
such  as,  maintenance,  electronic  design,  type  of  cable,  direct 
burial  cable  versus  conduit  and  installation,  to  name  a few. 

Each  of  those,  areas  and  many  more  would  be  a subject  to  itself. 
However,  it  is  the  installation  technique  I would  like  to  address 
in  this  presentation. 


TRENCHING  VS.  PLOWING. 


There  are  two  methods  of  installing  buried  cable,  plowing  and 
trenching.  It  has  been  suggested  that  the  plowing  method  be 
used  when  the  soil  is  sandy  and  relatively  rock  free,  but  there 
are  definite  disadvantages  in  using  the  plowing  method  regard- 
less of  the  type  of  soil.  Plowing  does  create  a mess..  The 
trench  is  dug  too  quickly  with  total  disregard  for  whatever 
other  facilities  are  underground.  It  is  true  the  workmen  doing 
the  actual  digging  should  contact  all  the  people  who  may  have 
underground  facilities  in  the  area.  But,  it  is  generally  im- 
possible to  locate  every  drop,  power  feed,  water  pipe,  etc. 
which  has  been  buried.  Consequently,  something  is  constantly 
being  cut,  work  stopped  to  enlarge  the  hole  for  repairs,  a mad 
customer  or  potential  customer,  strained  relations  with  a 
utility  company,  ’time  lost  and  in  the  case  of  a water  pipe,  a 
large  muddy  hole,  not  to  mention  the  cost  of  repairs. 
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Therefore,  the  plowing  method  should  be  restricted  to  areas 
which  are  rural  or  to  new  housing  developments  where  under- 
ground installation  is  being  originated  and  nothing  has  been 
placed  underground  up  to  that  point. 

Trenching,  on  the  other  hand,  is  much  slower,  but  because  it  is 
slower,  the  problems  I have  previously  mentioned  are  less  likely 
to  occur.  The  trencher  operator  is  standing  behind  the  machine 
and  is  able  to  observe  where  and  what  he  is  digging. 

Also,  the  trenching  method  allows  the  operator  access  to  con- 
fined areas  which  would  be  impossible  to  dig  with  a plow  such 
as  close  to  walls,  fences,  etc.  Trenching,  of  course,  is  the 
only  method  which  can  be  used  when  asphalt  or  cement  removal 
and  replacement  is  required.  This  is  due  to  the  confined  working 
space  and  the  necessity  of  leaving  a 2"  to  4"  shoulder  for 
paving  replacement. 

After  the  trench  is  opened,  a 1"  to  2"  sand  bed  must  be  placed 
at  the  bottom  of  the  trench  as  a cushion  for  the  cable.  The 
trench  should  be  inspected  for  any  sharp  rocks  or  other  objects 
which  may  be  protruding  from  the  sides.  Those,  of  course, 
should  be  removed  in  preparation  for  the  cable. 

CABLE  INSTALLATION 

As  to  the  installation  of  trunk  and  distribution  cables,  the 
practice  of  unreeling  the  cable  parallel  to  the  trench  and  then 
lowering  the  cable  is  a poor  practice.  While  the  cable  is  on 
the  reel  it  is  afforded  the  maximum  amount  of  protection.  To 
unreel  the  cable  and  place  it  alongside  the  trench  is  to  expose 
it  to  abuse  from  the  men  and/or  equipment  working  in  the  area. 

I am  referring,  of  course,  to  direct  buried  cable.  When  using 
conduit  this  problem  does  not  exist  as  the  cable  is  fed  directly 
into  the  conduit.  When  placing  direct  buried  cable  into  the 
trench,  the  reel  should  be  placed  at  the  head  of  the  trench  in 
such  a manner  so  the  cable  unwinds  from  the  bottom.  The  pulling 
mechanism,  should  it  be  a pulling  reel,  take-up  wench  or  what- 
ever, should  be  located  as  near  the  other  end  of  the  trench 
as  possible.  The  pulling  cable  is  then  attached  and  the  cable 
pulled  directly  into  the  trench  at  a pulling  speed  not  to  ex- 
ceed 60  feet  per  minute.  A workman  is  positioned  at  the  cable 
reel  to  assist  the  cable  from  the  reel  and  to  perform  a visual 
inspection  of  the  cable  as  it  enters  the  trench. 


After  the  cable  has  been  placed  into  position  it  should  be  covered 
with  another  1*  to  2"  layer  of  sand  and  then  the  trench  back- 
filled anil  tamped  completely. 
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When  using  conduit  the  same  trench  preparation  and  installation 
methods  should  be  used.  In  the  event  of  conduit  usage,  I recom- 
mend that  an  empty  conduit  placed  in  the  trench  of  adequate  size 
to  accommodate  two  extra  cables.  This  may  sound  economically 
extravagent,  however,  even  today  we  are  uncertain  as  to  the 
extent  of  services  we  can  or  will  be  required  to  provide  in  the 
future.  This  extra  conduit  will  provide  for  future  system 
expansion. 

This  extra  conduit  should  be  brought  well  into  each  pedestal  and 
capped  to  preserve  its  integrity.  When  using  conduit  in  un- 
derground systems  further  precautions  must  be  observed. 

A lubricant  must  be  applied  liberally  to  assist  the  cable  through 
the  conduit.  Also,  cable  pulling  tensions  according  to  manufac- 
turers specifications  must  be  adhered  to,  and  pulls  in  excess 
of  300  feet  she  ‘d  be  avoided  due  to  possible  cable  damage. 

It  is  also  recommended  that  small  holes  be  bored  in  the  conduit 
at  low  points  to  provide  a drain  for  moisture  which  may  accum- 
ulate . 


I won't  argue  the  merits  of  flush  mounted  versus  upright  or 
exposed  pedestals  as  this  is  usually  dictated  by  the  franchise 
requirements.  But  regardless  of  which  method  is  permitted, 
one  of  the  most  important  considerations  is  weather-proofing. 
Moisture  is  a constant  source  of  trouble  in  an  underground  system 
and  special  precautions  must  be  taken  to  protect  against  it. 

In  a total  underground  system  the  use  of  cement  water  boxes  as 
a protective  housing  is  common  in  conjunction  with  a plastic 
capsule  to  house  the  equipment.  This  practice  and  the  use  of 
heat  shrinks  on  the  leads  has  proved  to  be  satisfactory  in 
most  cases.  However,  this  presents  the  problem  of  condensation. 
Since  we  are  airtight,  the  plastic  has  the  tendency  to  "sweat" 
with  no  escape  for  this  moisture.  This  can  be  eliminated  through 
the  use  of  a small  cheese-cloth  sack  of  calcium  chloride  placed 
inside  the  capsule  to  absorb  the  condensation.  This  also  holds 
true  when  using  upright  plastic  pedestals. 

Considerations  for  upright  pedestals  should  include  immunity 
to  weather  and  soil  conditions,  minimum  maintenance  such  as 
painting,  attractiveness  and  protection  against  vandalism. 

In  both  methods,  adequate  lengths  of  cable  should  be  left  in 
the  housings  to  accommodate  future  maintenance  requirements  such 
as  connector  replacement  or  repositioning  of  equipment. 


When  initially  installing  the  trunk  and  distribution  cable  the 
need  for  a splice  should  never  occur.  The  necessity  of  a splice 
at  this  time  is  inexcusable.  Customizing  cable  lengths  to 
accommodate  distances  between  amplifiers  is  necessary  and  must 
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be  done  throughout  the  plant.  After  each  reel  is  swept  in 
the  shop,  it  should  be  designed  for  a specific  location  and 
a record  kept  of  its  characteristics  and  where  it  was  placed. 

However,  after  initial  installation  it  is  inevitable  that  the 
cable  will  be  cut  and  a splice  required.  When  this  occurs,  a 
pedestal  or  water  box  should  be  installed  at  this  location 
and  the  splice  placed  inside  this  housing.  Should  the  splice 
occur  in  a feeder,  a directional  tap  should  be  installed  which 
can  then  serve  as  a test  point  in  case  of  later  trouble  in 
this  line.  This  may  seem  economically  unfeasible,  however, 
the  best  splice  made  by  a technician  will,  at  some  time,  be  a 
source  of  trouble  and  the  quicker  and  easier  it  can  be  checked, 
the  faster  you  can  clear  tne  problem.  On  the  other  hand,  if 
you  have  to  locate  a splice  underground,  dig  for  it  and  then 
repair  it,  the  cost  of  labor  has  more  than  exceeded  the  invest- 
ment of  a pedestal  or  directional  tap. 

RECORDS  AND  MAPS 


I would  like  to  touch  on  one  other  aspect  of  underground  plant 
which,  is  too  often  overlooked  - and  that  is  accurate  maps  and 
record  keeping.  By  going  underground  the  advantage  of  physically 
observing  the  plant  is  lost  - making  accurate  maps  and  records 
even  more  mandatory  and  valuable  than  before. 

The  construction  supervisor  should  have  a complete  set  of  maps 
with  him  on  the  job  site  at  all  times  as  should  each  of  his 
foremen.  As  construction  progresses  these  maps  should  denote 
the  cable,  the  distances  between  amplifiers  and  other  equipment 
and  their  exact  locations  in  respect  to  permanent  landmarks. 

After  construction  is  completed  these  maps  are  compiled  into 
an  "as-built"  map  and  copies  given  to  all  maintenance  employees. 
As  changes  occur  in  the  system  these  maps  should  be  immediately 
up-dated.  Records  should  include  accurate  flow  charts  on  each 
amplifier,  equalization  methods,  cable  characteristics  and  a 
maintenance  record  on  all  amplifiers.  I cannot  stress  strongly 
enough  the  importance  of  accurate  maps  and  records  in  an  under- 
ground system.  This  may  force  the  system  operator  to  create 
a new  position  on  his  staff  to  maintain  this  information,  but 
it  will  certainly  be  one  of  his  better  investments. 
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Residual  compressive  stresses  in  CATV  cable  were 
•measured  using  the  parameter  of  aluminum  shield  re- 
moval force.  Values  for  0.412/  0.500,  and  0.750  inch 
diameter  CATV  cables  were  measured  for  contact  lengths 
of  2-1/2,  5 and  10  inches  in  the  as-received  condition 
A series  of  time-temperature  exposures  ranging  from 
ambient  to  160°F  and  15  to  1920  minutes  were  run  on 
0.500  inch  diameter  cable  after  which  aluminum  shield 
removal  force;  measurements  were  made  on  specimens 
having  a contact  length  of  2-1/2  inches.  The  rapid' 
rate  of  decay  at  times  and  temperatures  easily 
encountered  in  the  field  suggest  that  high  compressive 
forces  imposed  during  manufacturing  for  the  purpose 
of  minimizing  moisture  absorption,  may„exist  for  only 
a short  time  since  environmental  conditions  mav  anneal 
out  the  residual  stresses.  Another  fact  of  interest 
was  that  the  center  conductor/dielectric  bond  is 
chemical  in- nature  and  stronger  than  the  plastic  it- 
self, whereas,  the  aluminum  shield/dielectric  bond  is 
strictly  mechanical  in  nature. 

Introduction 


The  Community  Antenna  Television  Industry  has  been 
characterized  by  continual  technological  advancement 
over  a relatively  short  span  of  time.  Characteristic 
examples  include  increased  transmission  distances, 
expansion  of  the  carrier  wave  to  the  high  UHF  channels 
reduced  non-uniform  attenuation’ of  the  signal,  and 
reduced  attenuation  of  .the  signal  over  the  entire 
spectrum.  Many  of  the  improvements  were  directly 
attributable  to  improvements  in  the  cable  materials  or 
the  manufacturing  method  involved  in  making  the  cable. 
Arbuthnott1  points  out  that  prior  to  aluminum  sheath- 
ing, jacketed  foamed  polyethylene  cables  were  capable 
of  picking  up  sufficient  moisture  through  the  jacket 
and  into  the  foam,  insulation  to  cause  excessive  in- 
creases in  signal  attenuation.  Increases  could  exceed 
20%  at  Channel  13  in  periods  of  less  than  six  months. 
Aluminum  sheathed  cable  eliminated  transverse  moisture 

V?* 


penetration  provided  that  the  cable  had  no  breaks. 
Connector  improvements  were  also  made  to  minimize  any 
longitudinal  moisture  penetration  at  the  dielectric/ 
sheath  interface.  Manufacturing  steps  such  as  com- 
pressing the  aluminum  sheath  tightly  around  the 
dielectric  is  also  common  practice  and  is  claimed  to 
minimize  longitudinal  moisture  penetration  and 
associated  signal  attenuation. 

Background 

Our  interests  focused  on  seamless  aluminum  shielded 
CATV  cabie  with  a foamed  polyethylene  dialectric  as 
this  constituted  a major  part  of  the  market  at  the  time 
of  our  investigation.  This  type  is  schematically 
illustrated  in  Figure  1.  This  material  is  manufactured 
by  coextruding  the  center  conductor  made  of  either 
copper  clad  alumirfum  or  copper  and  the  foamed  polyethy- 
lene. This  combination  is  then  inserted  into  an 
aluminum  tube  and  the  aluminum  tube  drawn  down  around 
the  polyethylene  and  center  conductor  so  that  the 
dielectric  is  compressed  and  a tight,  moisture  pro- 
hibiting joint  exists. 

As  a series  of  preliminary  measurements  to  characterize 
fundamental  cable  properties,  tests  were  performed  to 
determine  the  bond  strength  of  both  the  center  con- 
ductor/dielectric and  the  dielectric/aluminum  shield 
bonds.  This  was  done  using  an  Instron  Testing  Machine 
and  the  fixtures  shown  in  Figure  2a  and  b.  The  fixture 
consisted  of  a die  which  would  restrain  the  shield  and 
dielectric  while  the  center  conductor  was  being  pulled 
to  determine  the  center  conductor/dielectric  bonding 
force  and  another  die  with  a larger  opening  which 
would  restrain  only  the  aluminum  shield  so  that  the 
dielectric/shield  bond  could  be  determined. 

Procedure 

The  initial  series  of  measurements  were  made  on  a 
number  of  cables  in  the  as-received  condition  made  by 
different  manufacturers  to  represent  a characteristic 
cross  section  of  the  industry.  Cables  having  an  out- 
side diameter  $f  0.412,  0.500  and  0.750  inches  were 
tested.  In  addition,  the  contact  length  which  was 
sheared  was  varied,  i.e.,  specimens  with  2-1/2,  5,  and 
10  inches  of  contact  between  the  center  conductor/di- 
electric  and  dielectric/aluminum  shield  were  tested. 
This  is  schematically  shown  tin  Figure  3.  Specimens 
from  a manufacturer  for  each' diameter  with  both  copper 
clad  aluminum  and  solid  copper  center  conductor  were 


tested  if  possible.  The  detailed  specimen  preparation 
is  listed  in  Appendix  I. 

Results 

The  results  of  the  initial  series  of  tests  are  shown 
diagramatically  in  Figure  4 for  the  shield  removal 
forces  and  Figure  5 for  'the  center  conductor  removal 
forces.  Individual  test  values,  the  maximum  ones 
attained,  are  listed  in  Tables  1 and  2 respectively. 

The  nonlinearity  of  force  for  either  the  aluminum 
shield  removal  measurements  or  the  center  conductor 
removal  force  with  respect  to  contact  length  indicate 
a mode  of  failure  which  is  partially  wave-lake  in 
character.  However,  both  th^  shield  arid  center  con- 
ductor removal  forces  increase  with  increasing  contact 
length  as  shown  in  Figures  4 and  5 so  that  there  is  a 
length  factor  involved.  The  increase  in  force  with 
contact  length  is  characteristic  of  a single  event. 
Thus,  there  is  a duality  to  the  failure  mode  of  both 
the  shield  removal  and  center  conductor  removal  from 
the  cable.  Figure  6 is  an  illustration  of  the  types  of 
typical  stress  strain  diagrams  that  resulted  in  either 
the  shield  removal  or  center  conductor  removal  measure- 
ments. 

Type  I represents  a characteristic  plastic/metal  bond 
separation.  Note  that  the  force  measurement  does  peak 
followed  by,  a relatively  sharp  drop  in  the  stress. 

The  initial  portion  of  the  curve  was  either  smooth  or 
contained  minor  perturbation  steps  which  appear  to  be 
caused  by  small  areas  of  the  bond  being  broken.  The 
stress  then  increases  until  the  entire  interface  shears 
and  the  stress  falls  to  a level  necessary  to  overcome 
the  friction  drag  of  either  the  center  conductor  and 
the  dielectric  or  the  dielectric  and  the  aluminum 
shield „as  they  are  being  removed. 

Type  II  behavior  is  typical  of  when  a center  conductor 
yields  and  fractures.  This  is  essentially  a tensile 
strength  curve  for  the  metal  center  conductor. 

Bond  Characteristics 

The  initial  test- observations  of  the  center  conductor 
removal  and  shield  removal  specimens  illustrated  that 
the  nature  of  the  bond  between  the  center  conductor 
and  the  dielectric  and  the  dielectrical  aluminum  shield 
were  significantly  different.  The  shield  was  clean 
with  virtually  no  dielectric  adhering  to  it  after  the1' 
polyethylene  and  center  conductor  were  removed  from  it. 
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This  shows  the  bond  to  be  mechanical  and  that  friction 
is  the  prime  retardant  to  hold  the  dielectric  in  con- 
tact .witli  the  shield.  In  contrast  to  this  when  the 
center  conductor  was  pulled  from  the  dielectric  it  had 
polyethylene  adhering  to  it  which  shows  the  bond  to  be 
> more  than^ mechanical.  This  difference  is  attributable 

to  the  manufacturing  in  which  the  foam  polyethylene  is  t 
coextruded  hot  around  the  center  conductor.  This 
gives  rise  to  the  strong  bond  between  the  polyethylene 
and  metal  center  conductor  which  must  have  been  even 
stronger  than  the  dielectric  itself  since  fracture 
occurred  within  the  polyethylene  rather  than  at  the 
polyethylene/metal  interface.  The  aluminum  shield/ 
polyethylene,  on  the  other  hand,  appears  strictly 
mechanical.  It  is  formed  cold  by  drawing  the  tubing 
around  the  polyethylene  center  conductor  core  so  there 
is  no  chance  for  the  dielectric  to  melt  and  adhere  to 
•the  aluminum  shield. 

f 

Atmospheric  Exposure  Tes'ts 

Cables  which  were  left  outside.,  over  the  summer  months 
(approximately  seven  months)  were  sampled  and  tested 
before  and  after  exposure  to  see  if  any  changes  in  the 
shield  removal  force  had  occurred.  Typical  values 
observed  for  Brand  1 for  0.412,  0.500,  and  0.750  inches 
. diameter  cable  using  a 2.5  inch  contact  length  are 
listed  in  Table  3.  The  trend  to  drop  in  value  in- 
dicated that  some  form  of  relaxation  had  occurred  in 
the  cables.  This  led  to  the  series  of  experiments  to 
‘determine  if  the  relaxation  was  due  to  thermal  means. 
Preliminary  tests  on  several  cables  heated  to  temper- 
atures between  140°F  and  160°f  showed  that  the  center 
/ • conductor  removal  force  was  affected  very  little  while 

the  shield  removal  force  dropped  considerably.  These 
results  led  to  a series  of  experiments  involving 
measurement  of  the  shield  removal  force  as  a function 
of  time  and  temperature  in  an  attempt  to  quantify  the 
relaxation  of  properties  by  artificially  aging  them 
through  thermal  exposure.  For  these  tests,  the  Brand 
1,  0.500  inch  diamecer  with  a 2.5  inch  contact  length 
was  chosen  as  representative.  Specimens  were  made  and 
tested  according  to  Appendix  I after  thermal  aging  at 
temperatures  of  120°F,  140°F,  and  160°F.  These  temper- 
atures were  chosen  to  cover  the  range  of  those  which 
could  be  experienced  in  the  field  on  a hot  sunny  day 
by  a black  jacketed  cable.  Thermal  measurements  of 
temperatures  obtained  at  the  Attleboro  test  site  of  a 
black  jacketed  cable  reached  140°F  on  a day  that  was 
in  the  low  nineties  so  that  higher  temperatures  could 
r-  be  expected  in  many  areas  since  Attleboro  weather  is 
temperate  in  nature. 
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The  results  of  the  aging  tests  are  listed  in  Table  4 
and  plotted  in  Figures  7 and  8.  The  results  follow  '1 
traditional  trends  of  a thermally  activated  process,  ‘ 
that  is  a more  rapid  reduction  of  properties  with  in- 
creasing .temperature  . Shield  removal  forces  also 
appeared  to  asymtotically  approach  a limiting  value 
for  each  temperature  so  that  after  240  minutes  at 
temperature  only  minor  reductions  would  be  expected  if 
longer  exposures  were  encountered.  It  is  interesting 
to  note  that  if  the  initial  properties  of  a CATV  cable 
are  known  then,  a fair  approximation  of  the  temperature 
experienced!  by  the  cable  could  be  estimated  bv  measur- 
ing* the  shield  removal  force  after  environmental  ex- 
posure. . 

One  exception  of  reduced  properties  with  increasing 
time  at  a given  temperature  was  observed  for  the  1920 
minute  series  for  the  0.750  inch  diameter  cable.  This 
may  have  been  due  to  a slight  temperature  variations 
as  the  1920  minute  specimens  were  run  at  a different 
time  from  the  other  specimens. 

The  degree  to  which  the  shield  removal  force  fell  off 
after  a relatively  - short  exposure  to  temperatures  which 
can  be  encountered  in  the  field,  during  the  warmer 
months  raises  the  question  of  the  utilitv  of  using  high 
reductions  on  the  aluminum  to  induce  high  compressive 
forces  on  the  dielectric.  Inducing  large  compressive 
forces  within  the  cable  would  intuitively  require  a 
larger  expenditure  of  energy  and  thus  be  more  expensive. 
Arbuthnott’s  gas  leakage  test  work  shows  that  high 
compressive  forces  are  not  necessary  for  moisture 
penetration  inhibition.  His  test  involved  subjectina 
5 foot  long  samples  to  a. pressure  of  5 psi  at  one  end 
of. the  cable  and  collecting  the  gas  which  escaped  at 
the  other  end  of  the  cable.  He  reports  that  cables 
which  experienced  moisture  penetration  into  cables 
(causing  as  much  as  15%  attenuation  in  three  months  of 
exposure)  leaked  at  rates  several  orders  of  magnitude 
higher  than  properly  made  cable.  This,  particular 
failure  was  caused  in  manufacturing  by  improper  ex- 
trusion techniques.  His  work  shows,  that  lower  shield 
compression  forces  (on  the  order  ofj  those  measured  on 
Brand  3)  are  adequate  to  provide  low  gas  leakage  rates 
if  extruded  properly  during  manufacturing. 

i * s 

Based  on  the  simulated  aging  experiments  it  also 
appears  that  if  large  compressive  forces  are  induced 
they  will  not  be  maintained  if  temperatures  in  the 
range  of  140°F  to  160°F  are  encountered.  As  pre- 
viously mentioned,  these  temperatures  are  easily  en- 
countered in  temperate  climates  including  that  of  New 
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England  if  black  jacketed.  It  also  indicates  that  if 
the  cable  is  installed  near  heat  sources,  e.g., 
chimneys,  stacks,  etc.  , similar  relaxation  would  be 
anticipated. 


Conclusions 

1.  The  significance  of  the  high  stresses  ..induced  in 
the  dielectric  by  some  manufacturers  in  order  to 
minimize  longitudinal  moisture  absorption. is 
questionable  based  on  the'  literature  available. 

The  retention  of  the  residual  compression  for  long 
periods  of  time  is  doubtful  since  thermal  relax- 
ation induced  by  normal  environmental  exposure  is 
capable  of  reducing  the  stress  level  in  a rela- 
tively short  time. 

2.  The  center  conductor/dielectric  bond  is  chemical 
in  nature  and  even  stronger  than  the . dielectric 
itself,  whereas,  the  aluminum  shield/dielectric 
bond  is  strictly  mechanical  in  nature. 
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TABLE  1 

1 

i 

i 

ALUMINUM 

SHIELD 

REMOVAL  FORCE  (POUNDS 
< 

) 

j 

Manu- 

facturer 

Dia- 

meter 

Center 

Con- 

ductor 

Specimen  Length 
2-1/2"  5" 

10" 

Brand  1 

0. 750 

Cu/Al 

150'  (60)  **  170  (34) 

350 

(35) 

Brand  2 

0.750 

Cu/Al 

120  (48)  260  (52) 

372 

(37) 

Brand  3 

0.750 

Cu 

17  (6.8)  9 (1.8) 

15 

(1.5) 

Brand  2 

0.750 

Cu 

134  (54)  260  (52) 

390 

(39) 

Brand 

1 

0.500 

Cu/Al 

90  (36) 

115 

(23) 

125* 

Brand 

3 

0.500 

Cu/Al 

1 (.4) 

2 

(.4) 

4 (.4) 

Brand 

1 

0.500 

Cu 

80  (32) 

148 

(30) 

200  (20) 

Brand 

2 

0.500 

Cu 

82  (33) 

160 

(32) 

250  (25) 

Brand 

1 

0.412 

Cu/Al 

110 

(44) 

112* 

112* 

Brand 

3 

0.412 

Cu/Al 

15- 

( 6) 

22 

(4.4) 

30  (3.0) 

Brand 

1 

0.412 

Cu 

138 

(55) 

175* 

180* 

Brand 

2 

0.412 

Cu 

96 

(38) 

176 

(35) 

182*  ' 

* Center  conductor  fractured  prior  to  shield  removal 

**  Units  of  parenthesized  figures  are .pounds/inch  of 
contact  length. 


TABLE  2 


CENTER  CONDUCTOR  EXTRACTION  FORCE  (POUNDS) 


Manu-  Dia-  Center  Specimen  Length 

facturer  meter  Con- 


ductor 

2-1/2" 

5" 

• 

10"  , 

Brand 

1 

0.750 

Cu/Al 

260  (104) **315 

(63) 

320* 

Brand 

2 

0.750 

Cu/Al 

310  (124) 

375* 

375* 

Brand 

3 

0. 750 

Cu 

260  (102) 

280 

(56) 

400  (40) 

Brand 

2 

0.750 

Cu 

320  (128) 

440 

(88)' 

500  (50) 

Brand 

1 

0.500 

Cu/Al 

125* 

125* 

125  (12.5) 

Brand 

3 

0.500 

Cu/Al 

120  (48) 

128 

(51) 

138* 

Brand 

1 

0.500 

Cu 

128  (51) 

185 

(74) 

225  (22.5)' 

Brand 

2 

0.500 

Cu 

155  (62) 

215 

(86) 

250  (25) 

Brand 

1 

0.412 

Cu/Al 

130* 

110* 

112* 

Brand 

3 

0.412 

Cu/Al 

81* 

92 

(18)' 

125  (12.5) 

Brand 

1 

•0.412 

Cu 

170* 

180* 

1 80  * 

Brand 

2 

0.412 

Cu 

150  (60) 

235 

(4  7) 

307* 

* Center  conductor  fractured  prior  to  pulling  out  of  the 
polyethylene . 


**  Units  of  parenthesized  figures  are  pounds/inch  of 
contact  length. 


O 

ERLC 


5l°> 


577 


TABLE  3 


Aluminum  shield  removal  force  for  0.750  inch,  0.500 
inch,  and  0.412  inch  diameter  cable  a's-received  and 
after  aging  for  rix  months  (average  values)  . 


Brand 

Diameter 

inches 

As  Received 
pounds 

Aged  Six  ] 
pound 

1 

0.750 

150 

95 

2 

0.750 

120 

129 

3 

0.750 

12 

10.6 

1 

0.500 

80 

58 

2 

0.500 

82 

75 

3 

0.500 

7.4 

4 . 7 

1 

0.412 

110 

110 

2 

0.412 

96 

83 

3 

0.412 

15 

2.2 
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TABLE  4 


Aluminum  shield  removal  force  as 

a function 

of  time 

and  temperature  for 

Brand  1,  0.500  inch  and 

0 .750 

inch  diameter  CATV 

Cable  (each  value  average 

of 

three  tests) 

Aging 

Temperature 

(°F) 

120 

#40 

160 

Diameter  Time 

'Inches)  (Minutes) 

Aluminum 

Shield  Removal  Force 
(Pounds) 

0.500  15 

65 

54 

29 

...  . ...  60 

51 

46 

15 

24  0 

55 

38  • 

10 

960 

50 

34 

8 

1920 

51 

33 

6 

0.750  15 

77 

. 64 

39  ’ • 

60 

6 5 

46 

25 

240 

63  v 

47 

23 

960 

61  \ 

34 

18 

1920 

58.  5 

43 

21 

4 
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Figure  1.  Schematic  diagram  of  an  aluminum  shielded 
CATV  cable  with  a foamed  polyethylene 
dielectric. 


Figure  2 (b)  Test  fixture  and  specimen  in  position 

on  Instron  Tensile  Testing  Machine 
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Figure  8.  Shield  removal  force  as  a function  of  time  at  three 
temperatures  for  Brand  #1  0.750  inch  diameter  CATV 


587 


APPENDIX  I 

Standard  Testing  Method  for  Measuring  Shield  .Removal 
and  Center  Conductor  Removal  Force,  for  a 2-1/2  Inch 
Contact  Length. 

Each"  length  of  cable  to  be  tested  was  cut  into  4 inch  . 
lengths. 

Sample  preparation  was  accomplished  in  a milling 
machine  using  a circular  saw  of  1.750  inches  in  dia- 
meter, two  cuts  were  made  in  each  sample.  One 
transverse  cut  made  through  aluminum  cladding  to 
establish  test  length  of  2.500  inches.  One  longitu- 
dinal cut  was  made  from  transverse  cut  to  end  of 
sample  and  deep  enough  to  almost  reach  center  con- 
ductor. This  was  done  to  facilitate  removal  of 
aluminum  cladding  and  dielectric  material  and  expose 
center  conductor. 


Each  sample  was  inserted  in  testing  frame  adapted  for 
use  in  the  Instron  Testing  Machine. 


The  parameters  used  to  test  samples  were: 

Crosshead  speed  — .5  inch/minute 
Chart  speed  — 10  inch/minute 


w 


Strip  chart  recording  of  force  and  deflection  curves 
were  made  for  all  tests  and  the  maximum  force  value 
attained  designated  as  the  pull  out  force. 


UNDERGROUND  COSTS  AND  INSTALLATION  TRADE-OFFS 


George  R.  McGrory 
Burnup  & Sims  Inc. 


West  Palm  Beach,  Florida 


• I'm  sure  all  of  us  will  agree  that  the  most  undesir- 
able subject  to  discuss  is  how  much  is  it  going  to  cost 
me  to  install  my  facilities.  And  what  am  I going  to  get 
in  return  for  these  costs? 

As  you  know,  there  are  two  types  of  construction 
that  you  can  use  to  install  your  facilities  - Aerial  and 
Underground.  Aerial  involves  the  associated  cost  of  pole 
rental  rates,  as  well  as  make- ready  costs.  I am  sure  that 
you  are  all  familiar  with  these  costs,  and  realize  that 
they  are  continuing  to  increase  steadily.  The  other  method 
is  placing  your  facilities  below  ground.  When  we  mention 
the  placing  of  your  facilities  underground  --  we  all  seem 
to  shudder.  We  say  we  cannot  afford  to  do  this  type  of 
installation,  as  the  costs  are  extremely  high.  Let's 
examine  that  statement! 

Let's  look  at  some  of  the  reasons  why  underground 
installations  are  increasing  in  the  communication  industry. 
The  public  is  getting  disturbed  by  the  unsightly  pole  lines 
and  the  miles  and  miles  of  wire.  This  is  causing  the 
public  to  become  insistent  for  underground  installations. 
l‘o day , better  public  relations  are  created  by  placing  your 
facilities  underground.  You're  the  "good  guy."  Also  on 
the  plus  side,  you  will  reduce  possible  damage  to  your 
facilities  from  storms  --  such  as  ice  and  snowrin  the  north, 
hurricanes  and  tornadoes  in  other  parts  of  the  country.  You 
also  have  a. more  stable  facility,  due  to  the  constant 
temperature  range  found  below  ground  as  compared  with  the 
variances  encountered  in  an  aerial  installation. 

We  are  seeing  something  else,  too  --  the  local  govern- 
mental agencies  are  beginning  to  insist  that  all  new 
construction  be  placed  underground. 

Of  course,  with  any  change,  there  arc  certain  disadvan- 
tages. There  are  some  unknown  costs  that  must  be  considered 
on  any  underground  installation,  such  as  locating  existing 
underground  facilities  of  other  companies.  To  name  a few  -- 
Power,  Telephone,  Sanitary,  Gas  and  Water.  We  must  know 
where  they  are  located  in  order  to  eliminate  any  damage  to 
them  while  installing  our  underground  services.  If  there 
is  damage,,  the  repairs  can  be  excessive.  In  a narrow  ease- 
ment where  the  other  facilities  arc  already  in  place,  we 
may  not  be  able  to  use  trenching  or  plowing  equipment  to 
place  your  facilities.  This  means  that  the  trench  must  be 
dug  by  hand  in  many  cases. 
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Pre-planning  your  installation  wijl  save  you  many 
dollars  on  your  underground  construction.  Let's  now 
analyze  what  goes  into  your  pre-planning  of  going  under- 
ground. Proper  planning  t lie  path  or  route  of  your 
installation  is  one  big  item.  Should  your  facilities  be 
placed  in  a rear  casement  or  must  they  be  placed  in  the 
front  or  street  side?  If  they  can  be  pla'ccd  in  a rear 
easement,  you  can  then  serve  more  houses  on  both  sides  ol 
the  easement,  and  also  you  won’t  have  as  many  streets, 
driveways  or  sidewalks  to  cross  under  as  compared  to  a 
front  line  installation.  Regardless  of  which  method  you 
choose,  you  will  still  be  placing  your  facilities  under 
streets,  driveways  and  sidewalks.  You  will  be  required 
in  most  cases  to  bore  or  jack  and  place  a pipe  or  casing 
under  them.  This  is  one  item  that  can  be  most  costly  to 
you. 

Some  other  items  involved  in  underground  CATV  con- 
struction are  as  follows: 

1.  Remove  and  restore  sod. 

2.  Open  trench  and  install  cable. 

3 . .Place  p 1 ed  c s t a 1 s and  vaults." 

4.  Install  electronic  devices. 

With  this  in  mind,  using  a hypothetical  case,  let's 
explore  the  labor  costs  for  a typical  normal  installation 
--  and  to  keep  it  as  simple  as  possible,  let's  use  for 
our  Cost  basis  a typical  city  block  with  a house  on  each 
lot,  and-  each  lot  75  feet  wide.  First, \ we  will  place 
your  facilities  using  the  direct  bur ial x method  in  the 
rear  easement.  By  placing  this  cable  in  the  rd-ar  ease- 
ment, (see  Exhibit  A)  we  will  have  to  remove  and  restore 
610  feet  of  sod.  We  willplace  and  splice  650  feet  of 
cable  and  place  4 pedestal  terminals'.  Let’s  also  use 
one  street  crossing  that  we  will  ha’re  to  bore  or  jack 
under  to  serve  this  easement,  and  make  this  40  feet  wide. 
The  total  cost  for  this  rear  easement  installation,  for 
the  purpose  of  illustration,  will  be  $600.  A 

Now  --  let's  take  'he  same  city  block  and  move  out 
to  the  front  or  street.  ,,ide  (see  Exhibit  B)  . Again,  we 
will  place  the  cable  u-  ing  the  direct  burial  method.  We 
will  also  place  and  splice  the  same  amount  of  cable  -- 
650  feet,  and  place  4 pedestal  terminals.  But  now,  we 
will  only  remove  and  restore  482  feet  of  sod.  You  will 
note  that  the  total  feet  of  sod  has  decreased  --  Why? 

This  is  due  to  our  boring  or  jacking  under  one  driveway 
at  each  house  lot  with  an  average  width  of  16  feet  or 
for  a total  number  of  128  feet  of  boring  or  jacking.  We 
will  also  be  boring  or  jacking  under  the  same  street  to 
serve  this  run  as  we  did  for  the  rear  easement,  which  was 
40  feet  wide.  The  total  cost  of  this  front  or  street 
side  direct  burial  installation  will  be  $1,000,  which  is 
$400  more  than  for  the  rear  easement  installation. 
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Let's  consider  another  thing,  and  that  is  how  arc  you 
going  to  serve  your  customers  on  the  other  side  of  the 
street?  One  method  which  you  could  use  would  be  to  bore  and 
jack  under  or  cut  the  street  at  every  other  lot  line  in 
order  to  serve  your  customers.  Or,  you  could  duplicate 
the  system  on  the  other  side  of  the  street.  For  boring 
and  jacking  or  cutting  at  every  other  lot  line  (see  Hxhibit  C 
the  additional  cost  for  the  city  block  would  be  $300, 
assuming  the  average  street  was  20  feet  wide.  For  placing 
a duplicate  system  (sec  L-xhihit  D)  , your  costs  would  double, 
which  means  an  additional  cost  of  $1,000  for  the  city  block. 
You  would  be  placing  double  plant  footage.  | Rather  tjian 
placing  a 100  mile  system  using  rear  easements,  you  would 
actually  be  placing  a 200  mile  system  if  you  went  entirely 
on  the  front  or  street  side. 

Now,  let's  consider  again  both  installations,  but 
instead  of  placing  your  facilities  by  direct  burial  method,  ■ 
let's  place  themsin  conduit.  For  ease  of  comparison,  we 
will  use  one  mile  as  our  measuring  unit,  which  comprises 
8 city  blocks.  All  your  costs  will  vary  depending  unon 
the  type  of  installation  that  you  make,  and  the  type  of 
conduit  that  you  use.  Assuming  this,  then  your  labor  cost 
for  a mile  of  direct  burial  facilities  in  the  back  easement 
will  be  $4,800  per  mile,  or  said  more  easily  $600  times  8 
blocks.  In  the  front,  or  street  side,  direct  burial 
installation  will  cost  you  $8,000  per  mile.  The  labor  cost 
for  back  easement  facilities  using  conduit  will  be  $6,000 
per  mile,  and  the  front  or  street  side  installation  using 
conduit  will  be  $9,400  per  mile. 

Logically,  looking  at  pure  initial  labor  costs  alone, 
you  would  say  the  best  method  would  be  rear  easement 
without  conduit.  However,  we  must  always  look  at  the 
future.  With  the  fast  changes  that  are  taking  place  in 
our  industry  today  --  and  changes  that  are  going  to  take 
place  in  the  future,  such  as: 

1.  Increased  bandwidth  capabilities; 

2.  System  redesign  for  dual  plant  capacity; 

3.  Increased  labor  and  maintenance  costs; 

the  obvious  is  not  always  the  most  economical.  You,  the 
operator,  must  decide  what  type  of  installation  you  want 
and  how  many  dollars  you  care  to  spend  --  however,  proper 
planning  and  scheduling  will  help  you  save  many  dollars. 

In  closing,  two  points  to  remember  when  discussing 
underground  installation  costs.  Choose  a reputable  CATV 
contractor  who  will  work  in  close  liaison  with  the  other 
utilities  and  knows  the  inherent  problems  in  going  under- 
ground. Be  sure  that  he  is  capable  of  installing  your 
facilities  to  your  specifications.  Make  sure  that  he 
keeps  an  accurate  set  '•.’of  as-built  drawings,  because  it  is 
the  only  way  you  a “ ‘ ’ >w  where  your  underground 
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facilities  arc  located.  Once  the  trench  has  been  closed, 
and  the  grass  has  completely  covered  the  trench  line,  no 
one  can  tell  you  where  your  fac i 1 it ies  • are  located  --  not 
even  the  person  who  put  them  in  originally. 

Lastly,  don't  forget  your  public  image.  Let  your 
customer  know  in  advance  that  you  arc  planning  to  install 
underground  facilities.  Let  them  know  that  the  contractor 
will  be  held  responsible  for  restoring  their  property  to 
its  original  condition,  and  also  to  their  satisfaction. 

It  goes  without  saying,  the  job  is  not  complete  until  the 
cleanup  is  finished.  And  without  proper  cleanup  --  you, 
the  operator  can  suffer  the  loss  of  many  of  your  potential 
customers  which  means  in  turn  a loss  of  expected  revenue. 

Remember,  "out  of  site  --  out  ol  mind  --  out  of 
trouble." 

It  has  been  my  pleasure  being  here  today  to  discuss 
the  costs  of  underground  installation. 


Thank  you. 
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RELIABILITY  AND . MAINTENANCE  OF  TOTAL  UNDERGROUND  SYSTEMS 

Eugene  R.  Moon 

Vice  President  and  General  Manager 
Community  Cablevision  Company 
Newport  Beach,  California 


In  order  to  better  understand  just  what  the  words  Reliability  and 
Maintenance  mean  in  relation  with  a total  underground  system,  let's 
first  consult  Webster's  Dictionary  -- 

First  there's  Reliable;  "Webster-s  Dictionary  says,"  Suitable  or 
Fit  to  be  Relied  on.  (Trustworthy)"'" 

Second,  tire's  Maintain;  To  Hold  or  Keep  in  any  Condition,  esp.  in 
a State  cf  Efficiency  or  Validity. 

From  this  point  we  can  move  towards  the  way  these  definations 
affect  the  bottom  line  of  our  individual  Cable  TV  systems.  ^ 

To  begin  with  we  must  start  with  quality  components  designed  with 
longivity  and  ease  of  maintenance  for  the  consumer  in  this  case  the  CATV 
Operator. 

With  the  wide  choice  of  phylosophy1  s,  electronic  layouts  and  physical 
shpaes  and  sizes  this  task  alone  can  tend  to  keep  your  engineering  staff 
busy  for  many  long  tedious  hours. 

Once  the  format  has  been  established,  long  hours  of  negotiating 
with  the  never  ending  line  of  equipment  brokers  and  manufactors  begins. 

Unit  price,  bulk  price,  turnkey,  MSO  discounts,  deliver  schedules, 
and  financing  are  some  of  the  language  and  activities  to  follow  — 

At  this  point  a system  could  be  either  aerial  or  underground  in  the 
method  of  construction. 

But  since  the  title  of  this  paper  "Reliability  & Maintenance  of 
Total  Underground  System"  I must  begin  to  align  my  thought  towards  this 
end. 
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Quality  components  don't  necessarily  equate  to  a quality  system.  To 
Build  a reliable  system,  one  which  can  reduce  your  maintenance  cost  you  must 
-begin  with 'quality  components. 

I would  like  to  begin  by  talking  about  methods  and  manpower  which  are 
important  to  reliability  in  your  total  underground  system. 
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I.  Conduit. --Conduit  in  Underground  construction  is  the  most 
important  single  item  next  to  waterproofing. 


Plan  your  conduit  system  so  you  have  space  for  future  expansion.  I 
believe  today  that  most  systems  who  plan  on  two-way  transmissions  for, the 
consumer  will  eventually  find  more  than  one  cable  in  their  conduits. 

Different  types  of  conduit  provide  different  results  in  the  varied 
earth  conditions  around  the  country.  Spend  some  time  with  the  various 
conduit  suppliers,  but  don't  just  talk  price.  Ask  about  wall  strength, 
couplers,  sweeps,  and  lengths,  because  once  the  material  is  in  the  ground 
your  stuck  with  it  and  all  its  good  and  bad  points. 

Engineer  your  conduit  system  so  your  trunk  cable  & feeder  cable  are 
in  separate  conduits.  This  allows  for  possible  replacement  with  minimum 
down  time  for  any  large  segment  of  your  system. 

Design  your  conduit  system  and  install  trunk  or  feeder  cable  so 
no  splices  are  located  in  conduit  but  in  vaults  or  pedestals. 

Darning  of  conduits  in  flush  vaults  is  very  important  since  irrigation 
of  greenbelts,  parkways  always  floods  vaults  at  one  time  or. another. 

When  installing  conduits  in  vaults,  duct  tape  (silver  tape)  is  very 
cheap  compared  to  the  labor  involved  in  cleaning  conduits  later. 

II.  Vaul ts. --Concrete  vaults  are  common  in  a total  underground  system 
and  size,  location,  lids,  are  very  important  items  to  discuss  prior  to 
actual  construction. 

Size  is  probably  the  most  important  item  to  understand  when  designing 
your  system  because  minimum  cable  bending  radius  dictates  the  size,  not  price 
The  unit  cost  for  labor  is  not  much  different  between  a #3  and  a #5  water 
meter  vaul t or  box. 

Location  is  next  in  importance  because  this  element  in  construction 
effects  the  maintenance  of  the  system  later.  Watch  for  drainage  routes 
which  may  leave  a vault  constantly  full  of  water,  and  make  future  installs 
extremly  difficult  since  the  vault  or  box  must  be  drained  prior  to  work 
commencing. 

The  location  dictates  the  type  of  lid  required.  You  should  know 
potential  traffic  patterns  so  as  not  to  be  required  to  conti nualy  replace 
broken  lids.  The  steel  fishplate  traffic  lids  in  some  cases  will  save  money 
due  to  constant  breakage. 


598 


On  last  item  is  the  care  in  which  vaults- or  boxes  are  installed. 

They  should  be  square  with 'the  curb  and  at  a grade  commensurate  with 
the  surrounding  grade  or  curb.  Some  areas  a coat  of  green  asphalt 
paint  will  provide  that  extra  positive  public  relations  we  are 
striving  for. 

III.  Pedestal s .--Above  ground  pedestals  are  the  least  expensive 
protection  for  active  & passive  components,  but  also  have  some  pitfalls. 

The  most  common  problem  is  the  condensation  action  when  the  pedestal 
has  no  free  air  circulation  designed  into  the  design.  Past  experiences 
have  shown  that  with  an  adequate  air  space  between  the  ground  level. and 
the  base  of  the  pedestal  that  no  condensation  or  practically  no  condensation 
takes  place. 

To  provide  continued  protection  even  in  pedestal  construction,  heat 
shrink  sleeves  or  tape  and  c oating  of  liquid  neoprene.  Above  all  don't 
just  "think  dry  construction"  but- "Practice  Dry  Construction." 

IV.  Waterproof  Equipment  Enclosures . --This  section  on  construction  V" 
is  without  a doubt  the  most  single  important  item  relating  to  reliability  7 
and  maintenance  of  total  underground  systems.  For  it  is  waterproofing  thara 
will  make  or  break  an  operator  when  first  getting  his  feet  wet  in  underground 
construction. 

In  the  past  few  years  I have  been  involved  in  total  underground 
system  construction  and  manage  a system  with  300  cable  miles  made  up  of 
both  above  ground  and  flush  types  of  underground  construction.  The  first 
cable  installed  in  late  1965,  and  today  expanding  by  approximately  50 
miles  each  year.  We  serve  one  of  the  "Master  Planned  Cities  of  the  Future" 
just  outside  the  35-mile  zone  of  the  second  television  market  in  the  world, 

Los  Angeles,  California.  Our.  potential  mileage  is  1500  to  2,000  miles  by  the 
year  2000.  I make  mention  of  these  facts  to  emphasize  our  dedication  to 
reliable  underground  system  construction.  As  experienced  constructors  we 
rely  heavily  upon  good  pedestals  and  hermetically-sealed  enclosures. 

Our  first  exposure  to  completely  flush  construction  was  1967.  The 
first  enclosure  used  was  the 'channel  corporation  6-inch  plastic  hermetically- 
sealed  enclosures  which,  to  this  day,  have  provided  100%  security  for  our 
splitters,  directional  taps,  and  tap-off  units.  These  units  or  ones  which 
will  provide  the  same  protection  are  a must  for  the  dry  equipment  required 
for  system  reliability.  ^ 

f . V' 

I There  is  no  fear  in  our  operation  when  it  ran  because  of  this  method 

I of  construction. 

In  fact  the  1971/72  Fiscal  Year  with  a quarterly  subscriber  count  of 
3676  . . our  system  service  calls  per  working  day  were  .95%  and  on  a yearly 
day  average  were  .83%,  and  thats  with  300  miles  of  plant  in  the  ground. 
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The  additional  cost  of  the  enclosure  and  labor  to  install  are 
quickly  recaptured  by  lower  maintenance  expenses.  In  fact  we  have 
only  two  system  technicians,  whose  duties  include  supervision  of 
construction  as  well  as  system  maintenance. 

I have  gotten  ahead  of  myself  into  system  maintenance,  but  the 
additional  information  is  only  ammunition  for  the  point  I am  trying  to 
make  about  dry  equipment  and  system  reliability. 

We  also  believe  in  heat-shrink  sleeves  for  all  connectors  not  in 
hermetically-sealed  enclosures,  in  flush-mounted  vaults.  In  above-ground 
the  use  of  heat-shrink  sleeves  can  be  augmented  with  self-vulcanizing  tape 
and  liquid  neoprene  if  cost  is  a major  factor.  But  make  sure  you  use  one 
or  the  other  and  not  a d b of  RTV  here  and  there. 

There  has  been  no  mention  of  brands  or  type  of  electronic  equipment 
because  it  makes  no  difference  to  me  what  you  use,  only  how  you  protect 
it  at  the  time  of  construction. 

Remember  only  a damm  fool  walks  around  all  day  in  the  rain  in  his 
$35.00  pair  of  wingtips. 

My  next  topic  is  maintenance.  The  mere  though  of  maintenance  of  a total 
underground  CATV  system  would  almost  induce  labor  pains  from  a CATV  technician 
who's  whole  background  is  in  aerial  plant  maintenance. 

Today  there  are  techniques  in  protecting  CATV  components  such  as  I 
mentioned  earlier  which  can  make  maintenance  very  easy  in  underground  plant. 

The  AGC  problem  is  almost  solved  due  to  the  constant  temperatures  of 
cable  when  installed  underground  --  no  climbing  of  the  telephone  poles  to 
repair  equipment.  The  speed  in  which  system  balancing  can  be  performed. 

The  complete  removal  of  pole  line  attachment  agreements  a long  with 
repair  and  maintenance  of  guy  wire,  guards,  ground  rods,  and  many  more 
items.  All  these  make  underground  easier  to  maintain  once  installed  properly. 

Commercial  power  outages  are  fewer  in  areas  where  all  utilities  are 
lunderground.  But  you  should  seriously  consider  installation  of  battery 
powered  standby  power  supplies.  The  prime  locations  are  backbone  trunk  lines 
where  one  small  power  failure  can  create  one  very  big  system  outage. 

Preventative  Maintenance  schedules  i.n  underground  constructed  systems 
are  similar  to  aerial  only  that  it  is  good  procedure  and  not  because  there 
are  more  problems. 
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Pressuring  backbone  trunkline  is  one  of  our  practices  only  because 
our  trunk  line  is  so  long.  We  use  air  dielectric  cable  and  pressurizing 
is  done  with  nitrogen  gas.  Our  annual  nitrogen  expense  is  less  than  . 

$100.00.  Pressure  gauges  and  sectioned  areas  of  cable  give  us  good  control 
over  this  maintenance  chore. 

A good  selection  of  test  equipment  is  as  essential  in  underground 
as  it  is  in  aerial  systems.  A fault  locator  is  like  your  right  arm  in 
locating  cable  for  contractors  who  plan  on  digging  near  your  cables. 

Other  items  of  importance  in  the  maintenance  of  underground  is  in 
keeping  good  up-to-date  as  built  prints  in  case  repairs  are  needed.  Complete 
evaluation  of  service  calls  will  assit  in  keeping  the  pulse  of  your  system 
in  safe  zone. 

IN  SUMMARY  - our  experiences  with  a total  underground  system  has 
proved  the  reliability  and  maintenance  are  strictly  in  your  hands  ...  so 
use  them  carefully  and  your  new  or  old  underground  system  will  be  a success. 
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1 . "The  Multipoint  Distribution  Service  - A Threat  or 
a Promise"  - Douglas  D.  Milne 


This  paper  was  originally  to  have  been  on  Varian's  new 
multi-channel  CARS  equipment,  but  due  to  incomplete  develop- 
ment, was  switched  to  the  subject  of  Multipoint  Distri- 
bution Service  (MDS)  . Mr.  Milne  opened  by  reviewing  the 
history  of  microwave  transmission  of  closed  circuit  tele- 
vision from  its  first  use  in  the  2500-2700  MHz  range  for 
ITFS  through  to  the  current  MDS  service  in  the  2150  to 
2160  MHz  band.  The  present  equipment  operates  in  the  latter 
band  and  emplo} s an  omnidirectional  transmitting  antenna 
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feeding  multiple  receiving  points.  The  receivers  employ 
parabolic  antennas  and  convert  the  signals  to  a VHF  channel 
for  feeding  a receiver  or  CATV  system  over  path  lengths 
of  up  to  20  miles. 

MDS 'is  felt  to  be  a complement  to  CATV  since  it  allows 
"narrowcasting"  special  programs  to  many  receiving  points 
and  interconnecting  these  programs  into  several  systems 
via  a receiver  at  their  head-ends. 

2 . "Multi-Channel  CARS  Band  Distribution  Using  Standard 

FM  Microwave  Equipment"  - Terry  R.  Spearen 

Mr.  Spearen  presented  in  some  detail  the  calculation  of 
Carrier  to  Noise  Ratio  and  Video  Signal  to  Noise  Ratio  for 
AM  Microwave  and  FM  Microwave.  In  the  FM  case  two  devi- 
ations were  considered:  standard  4 MHz  and  a narrow 
deviation  of  1 MHz.  These  were  then  applied  to  a sample 
calculation  comparing  the  three  cases  assuming  equal 
receiver  sensitivity.  The  results  showed  the  standard  FM 
to  be  approximately  6 dB  better  than  AM,  and  the  narrow 
deviation  FM  approximately  6 dB  worse  than  AM. 

The  conclusion  was  that  standard  FM  Microwave  using 
separate  transmitters  had  basic  advantages  over  the  other 
methods . 

3 . "Modulation  Index  and  Transmitter  Power  Relationship  in 

Multiple  Channel  TV  FM  Systems"  - Dr.  Joseph  H.  Vogelman 

4 

No  published  paper  was  available  at  the  session,  so 
Dr.  Vogelman  spoke  directly  with  the  aid  of  slides.  The 
first  portion  covered  a description  of  the  Laser  Link  system 
where  the  VHF  TV 'signals  are  combined  and  treated  as  a 
single  vector  sum  signal  to  modulate  the  microwave  carrier. 
This  was  followed  by  a discussion  of  the  resulting  micro- 
wave  spectrum  as  the  number  of  channels  is  changed,  and  the 
tradeoffs  necessary  to  keep  the  sidebands  within  FCC  Specs. 

As  a portion  of  this;  relative  comparisons  were  made  between 
the  FM  and  AM  power  required  for  comparable  performance. 

The  final  portion  of  the  presentation  discussed  some  current 
work  with  digitized  signals,  which  offer  the  possibility 
for  regeneration  of  the  signal  and  multiple  hop  applications. 
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4 . "Performance  of  Multi-channel  Microwave  Local 

Distribution  Systems"  - A.  H.  Sonnenschein 

Mr.  Sonnenschein  described  the  design  and  operational 
features  of  the  AML  system  that  takes  the  VHF  output  of  a 
conventional  head-end  and, 4 through  a parametric  upconverter, 
produces  essentially  a single  side  band  AM  signal  in  the 
12  GHz  CARS  band.  In  the  receiver,  the  VHF  signals  are 
recovered  by  down  conversion  with  the  local  oscillator 
phase  locked  to  a pilot  tone  transmitted  with  the  VHF 
signals.  A detailed  description  of  the  test  procedures, 
with  illustrations,  was  given,  with  emphasis  on  the  fact 
that  these  were  production  tests  run  on  each  of  the  many 
systems  actually  operating  in  the  field.  • Measured  test 
data  was  also  included.  In  addition,  measured  test  data 
was  presented  on  AML  used  to  feed  a 32  amplifier  cascade, 
which  showed  that  the  AML  distortion  contribution  was 
equivalent  to  shortening  the  cascade  by  6 amplifiers,  but 
after  a 20  mile  hop  with  the  AML. 
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Till-  "AIILTIPOIXT  DISTRIBUTION  SERVICIi 
A THREAT  OR  A PROMISE? 


D.  I). -Milne 
Variant  Micro- Link 
S Salem  Road 
Beverly,  MA  01915 
Telephone  (017)  922-0000 


The  program  originally  scheduled  for  this  time  slot  will  not  be  seen  due 
technical  difficulties  completely  within  our  control.  While  we  would 
vdry  much  like  to  talk  about  our  multi-channel  CARS  equipment,  we  are  / 
just  completing  a second  generation  design,  and  in  light  of  the  braid 
coverage  being  devoted  to  this  subject  by  other  speakers  later  in  the 
schedule,  wc  accepted  Del  Ports'  invitation  to  switch  the  topic  to  the 
new  Multipoint  Distribution  Service. 

This  does  not  mean  that  we  would  rather  "switch  than  fight”.  We 
definitely  favor  the  AM  translator  approach  to  Multichannel  TV  relay 
systems  and  have  been  using  this  technique  for  many  years  in  furnishing 
2500  MHz  multi-channel  systems  for  the  Instructional  Television 
Service. 

The  new  topic  — "AIDS  - A Threat  or  a Promise"  was  suggested  by 
Del  to  acquaint  you  with  the  recent  FCC  action  as  related  to  the  CATV 
industry. 

First,  a little  history.  In  1963  the  FCC  established  ITFS,  the  Instruc- 
tional Television  FLxed  Service,  and  allocated  31  TV  channels  in  the 
2500-2700'AIHz  range  for  use  by  schools  and  universities.  Varian, 
along  with  several  other  manufacturers,  assisted  school  administrators 
in  applying  for  Federal  Funds  to  implement  innovative  systems,  and 
some  rather  unique  installations  were  accomplished.  A typical 
example  is  the  four  channel  system  used  by  the  Diocese  of  Brooklyn  to 
transmit  instructional  programs  to  over  250  schools.  Several  multi- 
channel repeaters  are  used  to  provide  coverage  of  the  entire  Borough. 
The  Brooklyn  system  and  about  100  other  systems  around  the  nation 
represented  the  first  successful  application  of  omnidirectional  trans- 
mission at  microwave  frequencies.  With  an  available  power  output  of 
10  watts  at  2500  MHz  (provided  by  a traveling  wave  amplifier),  omni- 
directional antennas  having  a power  gain  of  15  dB,  and  parobolic 
receiving  antennas  giving  up  to  30  dB  gain,  path  losses  of  about  130  dB 
or  20  miles  could  be  overcome.  Thus,  the  technology  of  multi-channel 
omnidirectional  microwave  transmission  was  developed  using  standard 
TV  format  and  frequencies,  and  simply  translating  or  heterodyning  to 
the  desired  2500  MHz  channels.  The  receivers,  or  down-converters 
(Fig.  I)  consist  of  a preselector,  a local  oscillator  and  an  amplifier 
covering  the  high  band  VHF  Channels  7 to  13.  Several  CATV 
operators  use  Varian  down-converters  at  their  cable  head-end  to  pick 
up  special  school  programs  or  school  board  meetings  televised  by  the 
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local  ITFS  studio.  The  cost  for  a tvpical  receiving  installation  is  about 
$1000. 

While  the  2500  MHz  instructional  television  business  was  quite  active 
as  long  as  federal  funding  lasted,  it  begun  to  dry  up  and  has  been  very 
quiet  during  the  last  4 years.  As  a result,  we  began  looking  for  other 
markets  for  our  products.  We  started  by  reading  the  three  foot  book- 
shelf known  to  the  trade  as  the  FCC  Rules.  Anyone  who  has  read  these 
volumes  will  agree  that  the  plot  is  rather  elusive,  but  the  cast  of 
characters  in  Washington  is  quite  interesting.  When  we  finally  found  an 
obscure  reference  to  omnidirectional  transmission  at  2 GHz  in  Part  21, 
we  went  to  Washington  to  meet  some  of  the  characters  and  found  them 
most  helpful  and  encouraging.  $5,000  later,  our  lawyers  reported 
progress. 

Part  21  is  the  Bible  for  those  of  you  who  are  already  common 
carriers.  If  the  trend  towards  regulation  of  CATV  continues,  more  of 
you  may  very  well  become  familiar  with  this  Part,  in  addition  to  the 
many  controls  and  regulations  that  already  fipply  to  CATV.  The 
particular  paragraph  that  interested  us  was  21.702(g)  which  referred 
to  a bandwidth  limitation  of  3.5  MHz  in  the  2150-2100  MHz  range. 

While  pretty  good  monochrome  TV  can' be  transmitted  in  this  bandwidth, 
we  really  needed  at  least  0 MHz  for  color  and  could  use  10  MHz.  An 
exhaustive  review  tracing  FCC  actions  through  several  generations 
finally  convinced  the  Common  Carrier  Branch  that  the  3.5  MHz  limita- 
tion was  never  really  intended  to  apply  to  the  small  segment  of  spectrum 
between  2150  and  2160  MHz;  so  on  July  31st,  1970,  the  FCC  released 
Memorandum  Opinion  and  Order  sFCC-70-S19  changing  paragraph 
21.703(g)  to  permit  10  MIlz  of  authorized  bandwidth.  The  first  step 
towards  MDS  had  been  accomplished. 

While  all  this  was  going  on  in  the  Common  Carrier  Branch,  we  had  also 
submitted  transmitter  type  acceptance  data  to  the  Chief  engineer’s 
Office.  The  first  submittal  was  for  a color  TV  transmitter  at  2150- 
2160  MIlz  which  required  a 6 MHz  band.  Our  application  was  rejected 
due  to  the  then  effective  3.5  MHz  limitation.  We  therefore  modified 
the  transmitter  to  provide  monochrome  transmission  within  a 3.5  MHz 
bandwidth,  and  type  acceptance  was  granted.  This  established  the 
fact  that  TV  could  legally  be  transmitted  in  the  2150  bind,  using  an 
omnidirectional  antenna  pattern.  As  soon  as  the  3.5  MHz  restriction 
was  removed,  .we  reactivated  our  type  acceptance  request  for  the 
6 MIlz  color  transmitter  which  was  promptly  granted. 

Having  progressed  to  this  point,  our  next  step  was  to  probe  various 
groups  associated  with  communications.  These  groups  were  the 
broadcasters,  the  CATV  operators,  and  the  radiotelephone  and  radio 
paging  operators.  We  also  contacted  Ma  Bell  and  Western  Union.  In 
time,  construction  permit  applications  began  to  appear  at  the  FCC  in 
sufficient  numbers  to  create  a new  problem.  While  the  applications 
were  strictly  in  accordance  with  the  existing  Part  21  rules,  and  while 
there  was  no  reason  why  the  applications  could  not  be  processed  dn^ 
routine  fashion,  no  construction  permits  were  forthcoming.  After 
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months  of  waiting,  we  found  that  the  common  carrier  people  at  the  FCC 
were  pretty  well  buried  under  some  2000  applications  for  point-to-point 
stations  for  MCI,  DATRAN,  and  a host  of  operators  seeking  to  compete 
with  Bell.  We  also  found  that  the  MBS  applications  had  been  tabled, 
pending  the  creation  of  rules  to  cover  the  service.  This  was  a real 
shocker,  as  it  was  obvious  that  many  more  months  would  pass  before  the 
new  rules  could  lx?  drafted.  To  complicate  the  picture  a little  more, 
there  was  another  docket  on  the  books  which  proposed  the  use  of  the 
2150-2160  MIlz  band  for  aural  studio-to-transmitter  links. 

In  spite  of  all  the  problems,  a few  dedicated  individuals  in  the  Common 
Carrier  Bureau  hammered  out  a set  of  rules  creating  the  "Multipoint 
Distribution  Service"’.  This  was  during  mid  1971,  and  the  rumor  was 
that  the  new  rules  would  be  issued  "next  month".  By  January  1972,  the 
rumor  changed  to  "next  week".  On  April  19th,  1972  it  was  reduced  to 
"tomorrow"  — and  sure  enough,  Report  No.  7680,  Docket  No.  19499 
appeared  on  April  20th. 

While  all  this  was  going'  on  within  the  cloistered  walls  of  the  FCC, 
Washington  attorneys  and  engineering  firms  were  busy  preparing  applica- 
tions. The  statistics  change  on  a daily  basis,  but  there  are  now  close  to 
200  construction  permit  applications  on  file,  and  grants  are  expected 
next  .month. 

The  present  MDS  applicants  represent  a cross  section  of  me  communi- 
cations industry,  and  many  are  directly  or  indirectly  connected  with 
CATV,  last  September  Varian  invited  the  existing  applicants  to  a 
dinner  meeting  in  Washington,  and  the  result  was  the  formation  of  an 
industrW?omrriIttee  now  known  as  the  Multipoint  Microwave  Common 
Carrier's  Association,  MM  CCA.  In  December  of  1971,  this  group 
presented  an  "Industry  Position  Paper"  to  Commissioner  Robert  E.  Lee, 
and  copies  of  this  comprehensive  paper  are  available  from  Varian. 

Optics  permitting,  I would  like  to  show  you  portions  of  the  report 
(attached)  and  describe  the  service. 

On  April  26th  the  full  text  of  the  Commission's  "Notice  of  Proposed  Rule 
Making"  for  Docket  19493  was  issued.  This  is  a 12  page  document  with 
many  cross  references  to  other  rules,  and  I will  not  attempt  to  go  into 
the  details,  Briefly,  it  cites  the  applications  on  file  and  states  that  the 
requirements  of  an  omnidirectional  service  differ  substantially  from 
those  of  a fixed  point-to-point  service  — thus  the  need  for  new  rules, 
patterned  after  the  2500  MHz  Instructional  Television  Service. 

With  this  background,  let's  get  to  the  subject.  Is  MDS  a threat  or  a 
promise  as  viewed  by  the  CATV  industry? 

As  the  eompa ny  responsible  for  the  FCC  rule  changes  which  made  MDS 
possible,  we  sincerely  believe  it  holds  a very  substantial  promise  for 
CATV  operators.  We  further  believe  that  CATV  and  MDS  are 
complementary  services  which  will  benefit  by  their  mutual  existence. 

Our  reasons  for  this  belief  are  as  follows:  The  primary  purpose  of 

cable  is  to  reach  the  home  audience.  MDS,  by  its  very  nature,  is  not  a 
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home  type  of  medium.  Ultimately,  cable  operators  expect  to  have  many 
specialized  channels  and  services  available  to  the  home  viewer.  In  fact, 
the  recent  FCC  action  opening  more  markets  to  cable  television  is  a 
major  step  in  the  transition  and  expansion  of  cable  from  a mass  home 
audience  medium  to  one  also  providing  a "nar rowcasting"  or  pinpointing 
service  to  specialized  audiences. 

But  — before  cable  can  become  the  dreamboat  delivery  system  of  the 
future,  substantial  investments  of  time,  effort,  and  money  will  be 
needed  — not  only  to  develop  the  hardware  — but  more  important,  to 
develop  the  specialized  programs  and  audience  demand  for  these  programs. 
Fsing  cable,  this  will  be  a slow  process,  but  MDS  can  speed  the  arrival 
of  this  day  for  cable.  Through  MDS,  producers  will  be  able  to  test  the 
narrowcast  concept  on  specialized  business  groups.  Once  this  proves 
successful,  it  would  only  be  natural  to  expect  that  specialized  programs 
would  then  be  distributed  via  cable  into  homes  or  other  points  served  by 
the  system. 


MDS  and  CATV  are  complementary  services  for  another  reason  — 
economics.  .Just  as  economics  rule  out  MDS  as  a home  medium,  so  too 
will  it  be  ruled  out  in  many  other  markets.  On  the  other  hand,  cable 
will  not  be  competitive  in  certain  markets  where  MDS  will  address 
itself.  Cable  likes  pay  dirt  and  high  density  areas  with  a drop  every  few 
feet,  whereas  MDS  is  a pinpointing  type  of  service  to  reach  widely 
separated  customers.  Under  these  conditions,  it  is  more  economical 
than  cable.  . Clearly,  then,  by  making  use  of  each  other's  strengths, 

MDS  and  CATV  can  both  prosper,  with  CATV  serving  the  high  density 
residential  areas  and  MDS  serving  widely  separated  industrial  areas. 
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Another  example  would  be  the  use  of  MDS  to  transmit  special  programs 
to  receiving  dishes  at  the  head-ends  of  cable  systems,  thereby  inter-- 
connecting  several  systems  without  the  need  to  run  trunk  cables  across 
the  countryside.  In  this  situation  an  MDS  common  carrier  might  lease 
a channel  from  a cable  system  operator  where  signal  distribution 
through  the  cable  would  be  advantageous  to  the  MDS  customer.  Thus, 
MDS  would  use  the  cable  in  those  areas  where  channel  capacity  is 
available,  and  would  use  the  airwaves  in  those  areas  not  served  by 
cable. 


If  the  FCG^wanted  to  foster  the  growth  of  CATV,  it  could  not  have 
picked  a better  partner  than  MDS  for  maximum  flexibility  and/compata- 
bility  in  rendering  a complete  service. 


I hope  that  this  brief  discussion  has  served  to  dispel  any  thoughts  that 
MDS  is  a threat  to  CATV,  and  has  hopefully  served  to  expose  the  possible 
benefits.  Several  of  you  are  already  MDS  applicants  and  there  is  room 
for  many  more,  particularly  in  the  areas  where,  CATV  found  its  start. 


Thank  you  for  your  kind  attention,  and  we  will  now  return  to  the  program 
originally  scheduled  for  this  time.' 
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MULTI-CHAftNEL  CARS  BAND  DISTRIBUTION 
USING  STANDARD  FRI  MICROWAVE  EQUIPMENT 

Presented  By 

Terry  R.  Spearen,  Manager  of  Systems  Engineering 
Communication  Equipment  Division 
MICROWAl^ASSOCIATES,  INC. 
Burlington,  Massachusetts 


Introduction 


I would  like  to  open  this  talk  with  a brief  explanation  of  its  title,  "Multi- 
Channel  CARS  Band  Distribution  using  Standard  FM  Microwave  Equipment". 
"Multi-Channel"  means  up  to  nineteen  video  channels  distributed  either  on 
an  intercity  or  intracity  basis.  "Standard  FM  Microwave  Equipment"  refers 
to  broadband  single  channel  FM  radio  equipment  of  the  type  that  has  been 
in  use  for  many  years , and  with  which  many  of  you  are  familial’. 

Nineteen  Channel  CARS  Band  Distribution 


At  Microwave  Associates,  we  have  developed  a technique  of  carrying  nine- 
teen full  quality  video  signals  in  the  CARS  Band  spectrum  from  12.  7 to 
12.95  GHz,  while  maintaining  the  inherent  transmission  advantages  of 
broadband  FM  transmission.  This  has  been  accomplished  by  careful  control 
of  both  the  transmitter  output  power  spectrum  and  the  receiver  input 
filtering  to  produce  a transmission  characteristic  equal  to  that  of  the  tele- 
vision intercity  relays  and  headend  to  hub  distribution  systems  that 
Microwave  Associates  has  been  manufacturing  for  over  six  years.  This 
equipment  is  not  new  in  concept  and  is  well  pi’oven  by  the  existence  of  over 
600  Microwave  Associates  systems  in  use  in  the  United  Statps  by  television 
broadcasters,  telephone  companies,  and  CATV-  opei’ators. 

t. 

What  is  new  about  this  nineteen  channel  system  is  that  we  are  able  to  pi’oduce 
transmitter  output  powers  of-l/2  watt  per  channel,  which  allows  multiple 
power  splits  for  local  distribution  and  adequate  power  for  intercity  relay 
distances.  Also,  highly  stable  solid  state  sources  and  improved  receiver 
sensitivity  allow  the  very  close  channel  spacing  required  for  the  carxHage 
of  nineteen  channels  in  the  CARS  Band. 

Standard  FM  Mici’owave 

My  definition  of  standard  FM  micro\vave‘'in  this  talk  is  frequency  modulated 
radio  equipment  in  which  the  fully  modulated  carrier  deviation  is  4 MHz 


T 
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peak,  or  S MHz,  peak-to-pcak,  and  which. employs  C.C.I.R.  525  line 
television  pre  and  de-emphasis  for  improved  color  video  performance. 

The  purpose  of  this  talk  is  to  compare  the  video  signal-to-noise  perform- 
ance of  this  system  with  jan  amplitude  modulated  microwave  system,  and  / 
with  an  FM  system  employing  a carrier  frequency  deviation  significantly 
less  than  4 MHz  peak.  Of  course,  there  are  many  other  elements  that  can 
be  compared,  but  time  prohibits  full  investigation  of  all  aspects  of  the 
systems. 


Receiver  AM  Threshold 

A basic  starting-  point  for  signal-to-noise  calculations  on  any  radio  system 
Js_thq  determination  of  the  receiver  AM  threshold.  By  definition,  the 
receiver  threshold  is  the  level  of  the  thermal  noise  generated  across  the 
input  resistance  of  the  receiver -mixer,  plus  the  noise  generated  by  the 
mixer  and  first  preamplifier  stage  of  the  receiver. 

/ 

This  chart  (Appendix  Exhibit  1)  illustrated  calculation  of  the  AM  threshold 
for  a typical  microwave  receiver. 

The  formula  for  AM  threshold  in  dBw  (referenced  to  one  watt)  is: 


10  log  ^ KTBN 


Where: 


/. 


B is  the  receiver  RF  bandwidth,  takdn  in  this  example  as 
15  MHz.  It  will  be  shown  later  that  the  choice  of  bandwidth  at  this  point 
lias  no  effect  on  the  final  calculated  video  signal-jto-noise  ratio. 

K is  the  Boltzmann's  Constant. 

T is  the  thermal  noise  temperature  at  the  antenna  input  in 
degrees  Kelvin.  ” 

N is  the  receiver  noise  figure,  which  is  typically  11  dB  at 
13  GHz  when  the  insertion  loss  of  the  RF  filter  is  included.  This  noise 
figure  indicates  that  the  receiver  input  noise  is  effectively  multiplied  by 
12.9  times  due  to  the  imperfection  of  the  receiver. mixer  and  first  I.  F. 
pre-amplifier.  A perfect  receiver,  yet  to  be  realized  in  practice,  would 
have  a noise  figure  of  0 dB. 

The  solution  of  this  formula  indicates  that  this  receiver  AI.;  threshold  is 
-121,4  dBw  or  -91. 4 dBm  when  referenced  to  one  milliwatt;  Therefore, 
any  received  signal \must  exceed  this  level  before  the  receiver  can  detect 
its  presence  in  the  thermal  noise  produced  by  the  antenna  and  the  receiver. 


(e/6> 
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The  term  AM  threshold,  rather  than  FM  threshold,  has  been  used  because 
the  capture  effect  of  an  FM  receiver  tends  to  reject  the  received  signal 
until  it  is  above  the  AM  threshold  by  9 to  10  dB.  This  is  caused  by  the 
peak  thermal  noise  pulses  being  9 to  10  dB  greater  in  amplitude  than  the 
RMS  noise  level.  Therefore,  the  detectable  received  carrier  level  of  an 
FM  receiver  is  10  dB  less  than  the  same  AM  receiver.  This  point  is 
called  the  FM  threshold  and  is  -81. 4 dBm  in  this  case.  However,  this 
threshold  differential  is  unimportant  in  video  systems  because  the  video 
signal-to-noise  ratio  at  the  FM  threshold  is  so  low  that  the  signal  is 
unusable. 

’ \ 

AM  Carrier  to  Noise  Ratio  \ 

\ 

s. 

The  next  step  in  obtaining  the  video  signal-to-noise  ratio  of  the  system 
is  the  determination  of  the  AM  Carrier-to-Noise  (C/N)  ratio.  This  ratio 
is  the  level  of  the  system  received  signal  level  above  the  AM  threshold 
of  the  receiver. 

To  obtain  the  C/N  ratio,  the  level  of  the  received  carrier  must  first  be 
calculated.  This  chart  (Appendix  Exhibit  2)  illustrates  a typical  micro- 
wave  path  calculation  under  unfaded  conditions.  The  path  length  has  been 
arbitrarily  set  at  15  miles.  Two  six-foot  parabolic  antennas  were 
selected,  and  the  1/2  watt  transmitter  power  output  produced  a received 
carrier  level  of  -35. 3 dBm  on  the  path.  This  signal  level  produces  a 
fade  margin  to  FM  threshold  cl  46  dB,  which  produces  very  high  reliability 
on  a 15  mile  path  in  most  areas  of  the  United  States. 

In  this  case,  our  resulting  AM  carrier-to-noise  ratio  is  equal  to  h56.  1 IB. 

Calculation  of  the  Video  Signal-to-Noise  Ratio  from  the 
AM  Carrier-to-Noise  Ratio 


\ 


The  formula  on  this  chart  (Appendix  Exhibit  3)  is  one  of  the  most  useful 
tools  available  to  the  system  engineer  for  the  evaluation  of  the/signal-to- 
noise  performance  of  a microwave  system.  It  is  from  this  formula  that 
the  video  signal-to-noise  ratio  can  be  determined  when  the  level  of  the 
received  carrier  above  the  receiver  AM  threshold  is  known. 


The  formula,  states  that: 


Video  S/N  PP/RMS  (dB)  = .C/N  dB  + 10  log  BWrf  + 9 dB 

j 2BWra 

2 j 

+ 10  l°g^Q  3/_D_^  + Emphasis  Improvement  (dB) 


/ D \ + Ei 

\ BWm  j 


to  1 7 
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The  constant  9 dB  represents  the  conversion  to  peak-to-pcak/RMS  from  .. 
RMS/RMS. 

Emphasis  improvement,  usually  employed  only  in  FM  systems,  is 
approximately  t-2  dB  for  the  standard  525  line  C.  C. I.  R.  emphasis.  Of 
course,  other  systems  may  employ  different  emphasis,  but  I am  limiting 
. this  comparison  to  standard  FM  systems. 

The  factor  10  log  BWrf  (where  BWrf  is  the  RF  bandwidth  used  in  the 

2BWm 

calculation  of  the  receiver  threshold  and  BWni  is  the  video  bandwidth  of 
interest ) is  the  bandwidth  correction  factor  which  is  applicable  to  both 
the  FM  and  AM  systems.  The  constant  2 accounts  for  noise  in  both  side- 
bands of  the  detected  signal.  This  bandwidth  correction  factor  eliminates 
the  effect  on  video  signal-to-noise  produced  by  the  choice  of  receiver  RF 
bandwidth  as  was  mentioned  earlier.  You  will  note  that  the  selection  of  a 
narrower  receiver  bandwidth  will  result  in  a lower  AM  threshold  and 
corresponding  higher  AM  C/N  ratio,  but  the  bandwidth  correction  factor 
will  decrease  proportionately  with  no  resulting  difference  in  the  final 
system  video  signal-to-noise. 


factor  and  is  one  of  the  most  important  items  in  the  noise  performance 
comparison  of  FM  and  AM  systems.  The  constant  3 is  due  to  the  fact 
that  the  broadband  noise  detected  by  an  FM  demodulator  has  a triangular 
spectrum.  D is  the  peak  deviation  of  the  FM  carrier  and  BWm  is  the 
video  bandwidth. 

Sample  Video  Signal-to-Noise  Calculations 

This  chart  (Appendix  Exhibit  4)  illustrates  the  results  obtained  when  the 
preceding  formula  is  applied  to  three  typical  systems.  The  first  is  an 
AM  system,  the  second  is  a standard  FM  system  with  4 MHz  peak  deviation, 
and  the  third  is  an  FM  system  where  the  peak  deviation  has  been  reduced 
to  1 MHz  to  conserve  RF  spectrum  space. 

In  the  case  of  the  AM  system^  the  solution  indicates  tha  the  video  signal-to- 
noise  peak-to-peak/RMS  equals  the  C/N  ratio  plus  11.5  dB. 

When  the  same  factors  arc  applied  to  the  standard  FM  system,  the  video 
signal-to-noise  will  be  17.8  dB  greater  than  the  C/N  ratio,  illustrating  that 
the  video  signal-to-noise  ratio  of  the  standard  FM  system  is  over  6 dB 
better  than  the  equivalent  A Ms system. 


\ 
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However,  in  the  case  of  the  narrow  deviation  FM  system,  the  signal-to- 
noise  ratio  will  be  approximately  12  dB  below  the  standard^' M system  and 
nearly  6 dB  below  the  AM  system.  As  you  will  note,  when  the  ratio  of 
D to  BWm  is  0.46,  the  total  FM  improvement,  including  the  emphasis 
improvement,  is  zero  and  the  system  is  equivalent  in  noise  performance 
to  an  AM  system.  If  this  ratio  is  further,  the  FM  improvement  becomes 
negative  at  a ratio  of  20  log  D , which  amounts  to  -6  dB  each  time 

U BWm 

the  ratio  is  reduced  by  a factor  of  2.  Obviously,  this  effect  is  positive 
when  the  ratio  is  increased,  but  the  sacrifice  in  RF  spectrum  does  not 
justify  the  use  of  modulation  indexes  greater  than  1 when  transmitting 
broadband  video  on  the  system. 

Video  Signal-to-Noise  Ratio  versus  Receiver  Carrier  Level 
In  an  Operating  System 

Thus  far  this  talk  has  been  on  a somewhat  theoretical  situation,  so  this 
last  chart  (Appendix  Exhibit  5)  has  been  prepared  to  illustrate  the  perform- 
ance of  the  systems  under  actual  operational  conditions. 

As  we  all  know,  microwave  systems  are  subject  to  constant  and  sometimes 
extreme  variations  in  received  carrier  level  due  to  atmospheric  variables 
s*uch  as  rainfall,  ducting,  etc.  Therefore,  we  are  most  interested  in  the 
performance  of  the  system  during  these  received  carrier  level  variations. 

The  chart  is  prepared  by  determining  the  C/N  ratio  for  two  different 
. received  carrier  levels,  adding  the  "Improvement"  factors  to  determine 
the  video  S/N,  and  plotting  these  points  on  the  chart.  This  is  not  too 
difficult  since  there  is  a one  for  one  relationship  between  received  carrier 
level  and  video  signal-to-noise  over  the  useful  portion  of  the  curves. 

A point  of  interest  on  the  curves  is  the  non-linearity  that  occurs  at  high 
received  carrier  levels.  This  is  due  to  the  fact  that  all  active  electronic 
systems  have  an  inherent  noise  output  caused  by  power  supply  ripples, 
component  noise,  etc.  That  limits  the  video  signal-to-noise  performance 
of  the  system.  In  this  ease,  I have  selected  a video  signal-to-noise  ratio 
of  67  dB  as  the  maximum  system  limit  and  all  three  curves  will  become 
tangent  to  this  maximum  point  regardless  of  how  strong  the  received 
carrier  becomes. 

Another  discontinuity  illustrated  on  the  chart  is  the  FM  Threshold 
men  oned  earlier.  Below  -81.4  dBm  the  noise  begins  to  capture  the 
jFM  system  and  the  video  signal -to-nois?„  deteriorates  v6ry  rapidly. 
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However,  this  is  not  a serious  problem  because  the  video  signal-to-noise 
ratio  is  below  the  useable  level  before  this  received  carrier  level  is 
reached.  This  video  signal-to-noise  ratio  is  defined  as  29  dB  PP/RMS 
flat  weighted,  and  below  this  point  the  viewer  is  expected  to  give  up  his 
TV  and  listen  to  the  radio.  \ 

The  curve  does  indicate  that  the  useable  received  signal  range  of  the 
standard  FM  system  exceeds  the  range  of  the  AM  system  and  the  narrow 
band  FM  system  by  the  same  number  of  dB  that  was  shown  in  the  earlier 
calculations.  The  standard  FM  system  provides  then,  a higher  video 
signal-to-noise  ratio  and  a greater  dynamic  signal  range  than  either  the 
AM  system  or  narrow  deviation  FM  system.  vx 


I have  attempted  to  describe  some  of  the  basic  advantages  of  wideband 
standard  FM  microwave  radio  in  a relatively  brief  period  of  time.  It 
has  not  been  possible  to  go  to  any  greater  depth  of  coverage  of  this  subject 
at  this  time;  however,  if  further  enlargement  is  desired  on  any  of  the 
formulas  or  graphs  presented  this  afternoon,  please  feel  free  to  contact 
me  at  Microwave  Associates. 
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APPENDIX 

Exhibit  1 Calculation  of  Receiver  AM  Threshold 

Exhibit  2 Sample  Microwave  Path  Calculation 

Exhibit  3 Calculation  of  Video  Signal -to-Noise  Ratio 
from  the  Calculated  Carrier-to-Noise  Ratio 

Exhibit  4 Sample  Calculations 

Exhibit  5 Video  S/N  VS.  Receiver  Carrier  Level 

Exhibit  6 Multi-Channel  CARS  Band  System 
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EXHIBIT  1 

CALCULATION  OF  RECEIVER  AM  THRESHOLD 

AM  THRESHOLD 

AM  Threshold  = 10  log.'10  KTBN 

Where: 

B is  the  Receiver  RF  Bandwidth  = 15  MHz 

_23  

K is  the  Boltzmann's  Constant  = 1^37jcJil-'''joule/degree  Kelvin 
T is  the  noise  teniperatiR^e--fl^rtTTe  antenna  input  = 293°  Kelvin 
N is  thcJJeetjTver  Noise  Figure  of  12.  G = 11  dB 

With  the  above  figure: 

-23  6 

AM  Threshold  = 10  log  (1.37  x 10  x 293  x 15  x 10  x 12.  G) 

= 10  log  (7.24  x 10'13) 

= -121.4  dBw 

Where: 

-121.4  dBw  is  the  receiver  thermal  noise  power  relative  to 
one  watt.  To  convert  to  milliwatts,  a more  common_reference 
in  path  calculations,  add  +30  dB. 

Therefore: 

The  Receiver  AM  Threshold  = -91.4  dBm  for  an  11  dB  receiver 
Noise  Figure  and  15  MHz  RF  Bandwidth. 
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EXHIBIT  2 

SAMPLE  MICROWAVE  PATH  CALCULATION 

Operating  Frequency  12.825  GHz 
Path  Length  15  Miles 

Losses 


Free  Space  Path  Loss  -142.3  dB 

Fixed  Losses 


Elliptical  Waveguide  40  ft. 

-1.8  dB 

Branching  (Typical  Multichannel) 

-4.  0 dB 

/ 

Antenna  Radomcs 

-2.2  dB 

Misc.  (Alignment,  etc. ) 

-2.  0 dB 

Total  Fixed  Losses  from  above 

- 10.  OdB 

Total  System  Losses 

-152.3  dB 

Gains 

Transmitter  Power  (0.5  watt) 

+27  dBm 

Antennas  (2-6'  Parabolas 

+90  dBm 

at  47  dBi  each) 

Total  System  Gains 

117.0  dB 

Received  Carrier  Level  (Sum  of  Loss  plus  Gains) 

-35.3  dBm 

AM  Carricr-to-Noise  (C/N)  Ratio  = Received  Carrier  Level  (above) 
- AM  Threshold  (From  Exhibit  1).  ,•>. 

AM  C/N  Ratio  = -35.  3 dBm  - (-91.4  dBm)  = +5G.  1 dB 


/ 
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EXHIBIT  3 


CALCULATION  OF  VIDEO  SIGNAL-TO-NOISE  RATIO 
FROM  THE  CALCULATED  CARRIER- TO-NOISE  RATIO 


The  following  formula  is  employed  to  derive  the  video  S/N  ratio  when  the  AM 
C/N  ratio  has  been  determined. 


Video  S/N  (dB)  = C/N  dB  + 10  log1Q  BWrf  + 9 dB  + 10  log1()3 

2B\Vm 


2 


Emphasis  Improvement  (dB) 


10 


Where: 


C/N  = AM  Carrier-to-Noise  Ratio  = Level  of  the  received  carrier  above 
the  receiver  AM  Threshold  (Exhibit  2).  ^ 

10  log  BWrf  is  the  AM  and  FM  bandwidth  correction  factor. 

2BWro 

9 dB  is  the  conversion  to  peak-to-peak/RMS  from  RMS/RMS  video  S/N. 


Emphasis  improvement  is  normally  +2  dB  for  standard  525  line  C.C.I.R. 
emphasis. 

BWrf  is  the  system  RF  bandwidth  used  in  the  calculation  of  the  receiver 
AM  Threshold  (15  MHz). 

BWm  is  the  bandwidth  of  the  modulating  signal  which  is  normally  4.2  MHz 
for  video. 

D is  the  peak  deviation  of  the  FM  carrier,  which  is  4 MHz  in  the 


is  the  FM  Improvement  Factor. 


ERIC 


standard  FM  system. 
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EXHIBIT  4 

SAMPLE  CALCULATIONS 


1.  For  an  AM  System 


Video  S/N  PP/RMS  = C/N  + 10  log  ^7^  + 9 dB 


= C/N  + 10  log 


2 B Win 
15xl03 * * 6 


2x4.2x10 


G 


+ 9 dB 


= C/N  +2.5  dB  + 9 dB 
= C/N  + 11.5  dB 


2. For  the  Standard  FM  System 

'%  2 

Video  S/N=  C/N  + 11.5  dB  (from  above)  + 10  log,„  3/  ' ^ +2  dB 

2 1°  \Bm  / 

= C/N  + 11.5  dB  + 10  log1Q  3 + 2 dB 

= C/N  + 11. 5 dB  + 4.  3 dB  + 2 dB 
= C/N  -!•  17.  8 dB 

Therefore,  the  Standard  FM  System  provides  a 6.3  dB  Video  S/N 
advantage  above  the  equivalent  AM  System. 


3.  As  a comparison,  the  following  calculation  illustrates  the  effect  on 
FM  improvement  when  the  peak  deviation  of  the  FM  carrier  is 
reduced  to  1 MHz  to  conserve  RF  spectrum: 

, 2 

Video  S/N  PP/RMS  = C/N  + 11.5  dB  + 10  log1()  + 2 dB 

= C/N  + 11. 5 dB  + (-7. 6 dB)  + 2 dB 
= C/N  +5.9  dB 
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threshold  threshold 

—91. 4 dBm  —81 .4  dBm 

Received  Carrier  Level  — dBm 


EXHIBIT  5 VIDEO  S/N  VS.  RECEIVED  CARRIER  LEVEL 


(j?  <% 


ST* 


Video  S/IM  PP/RMS  (Flat  Weighted)  - dB 


Exhibit  6.  MULTICHANNEL  CAR  BAND  SYSTEM 
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MODULATION  INDEX  AND  TRANSMITTER  POWER 
RELATIONSHIP  IN  MULTIPLE  CHANNEL  FM 
SYSTEMS 


\ 
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By  Dr . Joseph  J.  Vogelman,  Chief  Operating  Officer,  & Malcolm  Reader, 
Director  of  Engineering,  Laser  Link  Corp.  ^ 


In  a recent  paper  titled  "Unders tanding  Laser  Link’s  FDM/FM  Airlink 
System'*,  appearing  in  this  month’s  issue  of  Cable  News  (copies  avail- 
able on  request  from  Laser  Link  Corp.),  the  authors  reviewed  the 
operation  of  frequency  division  multiplexed  FM  systems.  A point  was 
made  of  the  fact  that  the  FM  system  superposes  the  various  subcarriers 
and  behaves  as  each  one  existed  alone  in  its  part  of  the  output  spectrum. 
This  corresponds  to  the  experience  of  many  engineers  who'  have  tested 
a visual  carrier  for  SNR  and  an  aural  carrier  for  SNR  on  a single  TV 
channel  FM  microwave  system  and  have  observed  that  the  signal  to  noise 
ratios  of  the  individual  carriers  are  independent  of  the  presence  of 
absence  of  the  other  subcarriers.  By  the  same  process  of  superposition, 
it  is  possible  to  determine  the  effective  spread  of  energy  from  the 
carrier  to  the  sidebands  when  many  television  channels  are  combined 
by  frequency  division  multiplex  (see  figures  1 and  2)  and  then  im- 
pressed as  a modulation  drive  on  an  FM  system.  In  all  FM  systems, 
the  concept  of  energy  left  in  the  carrier  as  opposed  to  energy  in 
/ the  sidebands  must  be  dealt  with  using  one  precaution.  Recalling 
/ that  an  AM  system,  under  conditions  of  increasing  modulation,  shows 
/ increasing  energy  delivered  to  the  sidebands,  until  100%  of  modulation 
is  reached,  the  communications  engineer  is  careful  to  avoid  further 
drive  because  this  will  result  in  overmodulation  and  distortion  of 
information.  100%  modulation  in  AM  corresponds  to  50%  of  energy  in 
the  carrier,  and  50%  of  energy  in  the  sidebands.  If  one  sideband 
is  fully  suppressed,  66%  of  the  energy  is  left  in  the  carrier,  and 
33%  is  in  the  unsuppressed  sideband.  As  a practical  matter,  suppressed 
sideband  televisipn  with  average  picture  content,  and  with  the  FCC 
standard  for  0.75  mhz  of  the  suppressed  sideband  still  carried  on 
the  air>46%  (sideband  energy)-  54%  (carrier  energy)  relationship 
is  typical.  With  FM,  there  is  no  corresponding  physical  limitation 
on  the  depth  of  modulation,  other  than  the  quality  of  the  FM  equip- 
ment, and  the  limitations  of  spectrums  spread  imposed  by  legal  use 
of  bandwidth.  Thus  with  FM  systems,  equal  effective  use  of  power 
as  compared  with  a 100%  modulated  AM  carrier  corresponds  to  a mod- 
ulation index  of  approximately  1.00  (see  references  1 and  2).  How- 
ever, the  FM  system  can  be  driven  harder  and  harder  into  modulation, 
and  at  modulation  index  of  2.403,  100%  o£  the  energy  is  then  in  the 
sidebands.  Further  drive  is  quite  practical  with  a linear  FM  system, 
producing  well  known  the  condition  of  improvements  of  signal  to  noise 
ratio  with  greater  modulation  indexes.  Under  these  conditions,  the 
ratio  of  energy  in  sidebands  to  energy  in  carrier  grows  poorer, 
that  is  to  say  the  carrier  then  shows  an  increasing  percentage  of 
power  at  the  expense  of  energy  in  the  sidebands,  while  signal  to 
noise  ratio  is  increasing.  Therefore  to  use  the  analogy  of  energy 
in  sidebands  as  an  indicator  of  useful  distribution  of  energy,  one 
must  confine  the  area  of  interest  to  values  of  modulation  index  below 
2.403.  Above  that  value  of  modulation  index,  the  analogy  can  be 
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extended  by  using  the  effective  power  in  sidebands,  and  referring  to 
them  as  more  than  100%.  Thus  with  a modulation  index  2.93  one  can 
refer  to  the  energy  in  the  sidebands  as  being  effectively  150%. 


As  indicated  above,  the  multichanne  1 FM  system  can  be  analyzed  as 
if  each  subcarrier  (channel)  existed  separately.  Therefore  one  can 
take  each  information  channel  (TV  channel  in  our  case)  and  determine 
how  much  energy  exists  in  the  sideband  as  a result  of  its  individual 
depth  of  modulation.  Typical  spectrum  analysis  photos  of  spectrum 
content  of  Laser  Link's  multi-channel  FM  transmitter  are  shown  in 
figures  3-6.  In  tiie  airlink  system,  no  individual  channel  has  a 
modulation  index  that  exceeds  2.403  so  that  the  energy  in  the  side- 
bands due  to  that  channel  alone  can  be  determined  by  reference  to 
a table  of  bessel  function  that  shows  the  drop  in  carrier  power 
at  each  channel  modulation  index.  The  remaining  power  is  in  the 
sidebands.  Then  by  adding  the  power  in  the  sidebands  due  to  each 
of  the  individual  channels,  the  effective  total  of  energy  in  the 
sidebands  can  be  found.  Where  this  energy  is  less  than.  100%,  this 
is  the  total  sideband  energy,  and  an  effective  overall  modulation 
index  corresponding  to  this  can  be  computed.  Where  the  effective 
sideband  energy  is  more  than  100%,  then  the  effective  overall 
modulation  index  can  be  computed  corresponding  to  modulation 
of  more  than  2.403. 


\ 


The  above  computations  have  been  performed  for  the  Airlink  System  in 
tables  1 thru  11,  for  5 thru  18  channels  of  television  on  a single 
Airlink  system.  The  results  of  these  tables  have  been  summarized 
on  table  12.  This  shows  that  with  the  poorest  modulation  indexes 
used  (limitations  of  bandwidth  under  F.  C.  C.  Rules  and  Regulations), 
the  modulation  index  is  0.96  corresponding  to  the  same  effective  use 
of  power  as  an  AM  system.  However,  being  a single  channel  FM  system, 
as  much  as  60  watts  of  power  is  available  for  use  at  a single  trans- 
mitter location.  In  the  case  of  higher  modulation  indexes,  as  much 
as  3.59  improvement  is  available  over  the  corresponding  AM  system 
on  the  basis  of  watt  for  watt  equivalence.  This  is  more  than  10 
db  of  improvement  of  a watt  for  watty  equivalence  for  AM. 


Another  method  for  determining  the  effective  power  of  an  FDM/FM 
transmitter  in  terms  of  modulation  index  is  to  set  up  an  equivalence 
relationship  between  power  required  for  individual  AM  channels  to 
produce  the  same  SNR  as  the  channels  ,of  an  FDM/FM  system.  By  adding 
all  the  individual  AM  powers  required,  pne  gets  the  total  AM  trans- 
mitter power  needed  for  equivalence.^  The'FM  channels,  all  use  the 
same  transmitter  power,  as  indicated  above,  so  that  a direct  com- 
parison is  possible,  on  the  basis  of  identical  paths,  identical  antenna 
gains  and  identical  waveguide' sec  t ions . The  derivation  that  is  given 
below  uses  the  terms  "A",  "B",  "C”,  and  nDv  to  represent  air  path, 
antenna  and  waveguide.  Since  these  are  indentical  for  AM  and  FM 
systems,  they  cancel  in  the  comparison,  making  the  relationship 
general  for  all  cases. 

i j 

Ref.  1 ITT  Radio  Engineers  Handbook  2|lt  12. 

Ref.  2 Mischa  Schwartz,  Information  Transmission,  Modulation  and  Noise, 
page  305,  McGraw  Hill  and  Company,  19591 
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.X  millivatts=x  dBm  for  an  individual  TV  channel  de- 
livered to  an  antenna  feed. 

. 5MIIZ  bandwidth/Channel 

.Noise  f igure  12dB 

.Path  loss  nAM  dB 

transmitter  antenna  gain  "B11  dB 

. Receiver ' antenna  gain  "C"  dB 

.Incidental  waveguide  and  fitting  losses  ,,Dn  dB 
.Modulation  100% 


Carrier  power  at  receiver=x-A-D+B+C  dBm 
Receiver  channel  noise  power  in  5MHZ=10  Log^  JL 

Noise  power  of  receiver=  -114+12+7=  -95dBm 
Channel  carrier  to  noise  ratio=x-A-D+B+C-  (-95) 
Channel  signal  to  noise  ratio=  95+x-A-D+B+C 


If  AM  and  FM  s/stem  have  same  SNR 


This  is  a relationship  between  power  per  AM  channel  to  channel 
modulation.  Index  for  equal  signal  to  noise  ratio. 


The  comparison  for  airlink  systems  of  5 to  18  channels,  operating  at 
the  modulation  indexes  of  tables  1 thru  11  is  given  as  table  13.  As 
can  be  seen,  the  equivalent  AM  system  would  require  transmitted  power 
of  10.38  to  89.00  watts. 


95+>:-A-D+B+C=  136-A-D+B+C+p 
93  + x-136=P 

x-4.1=p=10  Log  0 (Mr  = 10  Log;^X-.4l 


-41=  10  Log  Q 1 X=12600  M* 2 


12600 


2 

The  relationship  X=12600M  is  plotted  as  a curve  in  Figure  7. 
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Equivalent  AM  Power  Computation 

FM  System  Conditions  .20  watts  of  power=+43  dBm  \ . 

.250  MHZ  bandwidth 

.Noise  figure  12dB  ' 

.Path  loss  "A"  dB 

•Transmitter  antenna  gain  "B"  dB 

.Receiver  antenna  gain  "C"  dB 

•Incidental  waveguide  and  fitting  losses  "D"  dB 

.Channel  modulation  Index=M 

Computation: 


Carrier  power  at  Receiver*  43-A-D+B+C  dBm 

Noise  power  in  250  MHZ=10  Log  -250  = 24  dB  above  1 MHZ 

lU-j- 

Noise  power  of  receiver*  -114+12+24=  -78  dBm 
Receiver  carrier  to  noise  ratio*  43-A-D+B+C-  (-78) 

* 43+78-A-D+B+C 
= 121-A-D+B+C 

Video  bandwidth  per  TV  channel  (2  sidebands )=8MHZ 
Noise  bandwidtH-jeduction*  10  Log-,,8  „ „ , 

610250  =+15dB 

Modulation  Index  (referred  to  1.00)  as 

a factor  in  SNR*  10  Log..,,  (M  )2 

XU  = p vdB) 

Channel  signal  to  noise  ratio*  121-A-D+B+C+15+p 

= 136-A-D+B+C  + p 


This  presumes  a receiver  input  above  the  FM  threshold  of  10  dB  above  receiver 
noise  figure.  In  actual  practice  SNRS  are  designed  to  stay  above  35dB 
in  worst  case  conditions,  for  Airlink  systems-: 
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FIG.  \ BLOCK  DIAGRAM  OF  LASER  LINK  AIRLINK  SYSTEM 


.FIG.  2 FREQUENCY  DIVISION  MULTIPLEXING  OFF  THE  AIR 


(p  3 3- 


/ 


FIG.  3 SPECTRAL  CONTENT  OF 
I5-  CHANNEL  MODULATED  AIRLINK 
TRANSMITTER 


FIG.  4 SPECTRAL  CONTENT  OF 
16  CHANNEL  MODULATED  AIRLINK 
TRANSMITTER 
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•FIG.  5 SPECTRAL  CONTENT  OF 
17  CHANNEL  MODULATED  AIRLINK 
TRANSMITTER 


FIG.  6 SPECTRAL  CONTENT  OF 
6 CHANNEL  MODULATED  AIRLINK 
TRANSMITTER 


(pZ*/ 
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FIGURE  7.  PLOT  OF  CHANNEL  MODULATION  INDEX  :M  AGAINST  THE  EQUIVALENT  AM 
TRANSMITTER  POWER  X TO  PRODUCE  THE  SAME  SIGNAL  TO  NOISE  RATIO 
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64.5%  of  energy  is  in  the  sidebands.  This  is 
equivalent  to_an  overall  carrier  level  of 
41.645  = -4\  35fT  = . 595  at  a modulation  index 
equal  to  1~.  34  . 
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45.6%  of  the  energy  is  in  the  sidebands.  This  is 
equivalent  to  an  overall  carrier  level  of: 

•TT  .456  = s.  544  = .737  at  a modulation  index  of  1. 
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50.3%  of  energy  is  in  the  sidebands.  This  is  equivalent  to 
an  overall  carrier  level  of  1.503  = .497  = .705,  which  co 
responds  to  a modulation  index  of  1.13. 
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TABLE  13 


EQUIVALENT  POWER  IN  MILLIWATTS  REQUIRED  TO 
PRODUCE  EQUAL  SIGNAL  TO  NOISE  RATIO  AS  20 
WATT,  AIRLINK  FDM/FM  SYSTEM 


Number  of 

Channels : 5 6 

Channel 
De  s ig . 


T 

7 

12,600 

9 ,500 

T 

S 

12,600 

7,600 

T 

9 

12,000 

5 , 500 

T 

10 

11,600 

4 , 800 

T 

11 

11,600 

4 ,800 

T 

12 

N/A 

4 , 600 

T 

13 

- 

- 

S 

1 

- 

- 

2 

- 

- 

3 

- 

— 

4 

- 

- 

A 

- 

- 

5 

or  S 5 

- 

— 

6 

or  S6 

- 

■ - 

B 

- 

- 

C 

- 

- 

D 

- 

- 

E 

- 

- 

TOTAL 

60,400 

36/800 

7 

8 

12 

6,600 

5,800 

40,000 

51 

3,400 

2,000 

11,000 

15 

2,600 

1 ,200 

5,000 

7 

2,000 

800 

3,000 

3 

1,750 

660 

1,800 

2 

1,600 

550 

1,300 

1 

1,550 

500 

1,000 

1 

- 

450 

- 

1 

- 

- 

850 

1 

- 

- 

850 

1 

— 

— 

350 

1 

1 

_ 

_ 

SjO 

1 

— 

- 

850 

19,500 

11,960 

67,350 

8 9 

TOTAL  REQUIRED  EQUIVALENT  AM  POWER 
FOR  EQUAL  S/N. 
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TABLE  13 


EQUIVALENT  POWER  IN  MILLIWATTS  REQUIRED  TO 
PRODUCE  EQUAL  SIGNAL  TO  NOISE  RATIO  AS  20 
WATT  AIRLINK  FDM/FM  SYSTEM 


Number  of 
Channe 1 s : 

Channel 
Desig . 


14 


15 


16 


17 


18 


T 7 

31 , 000 

20 , 000 

12 , 000 

7,600 

5 ,500 

T S 

9 , 000 

5,500 

3,500 

2 , 200 

1 , 600 

T 9 

4 ,200 

2 ,600 

900 

1 , 000 

800 

T 10 

2 , 300 

1 ,500 

600 

550 

450 

T 11 

1 ,500 

1 ,000 

400 

360 

280 

T 12 

1 ,100 

660 

320 

250 

210 

T 13 

800 

500 

280 

180 

150 

S 1 

660 

400 

280 

150 

126 

2 

660 

400 

280 

150 

126 

3 

660 

, 4 00 

280 

150 

126 

4 

660 

/ 4 0 0 

280 

150 

126 

A 

660 

y 400 

280 

150 

126 

5 or  S 5 

660 

400 

280 

150 

, 126 

6 or  S (■ 

6 60 

4 00 

280 

150 

‘ 126 

B 

- 

400 

280 

150 

126 

C 

- 

- 

280 

150 

126 

D 

- 

- 

- 

150 

126 

E . 

- 

- 

- 

- 

126 

TOTAL 

53,720 

34,960 

20,520 

13,640 

10,376 

TOTAL  REQUIRED  EQUIVALENT-  AM  POWER 
FOR  i-QUAL  S/N. 


O 

ERIC 


hi 


643 


'PERFORMANCE  OF  MULTI-CHANNEL  MICROWAVE 
LOCAL  DISTRIBUTION  SYSTEMS 


A.  H.  Sonne ns  c he  in 
Assistant  to  the  President 
Theta-Corn  of  California 
Q320  Lincoln  Boulevard 
Los  Angeles,  California  °0043 


It  has  now  been  about  seven  years  since  the  development  of  multi- 
channel microwave  local  distribution  systems  for  the  CATV  industry 
first  started  in  I°63,  although  it  seems  like  yesterday  to  those  of  us 
who  have  been  so  heavily  involved  in  this  exciting  and  dynamic  field. 
More  progress  has  been  made  during  the  past  year,  since  the  1971 
NC.TA  convention,  than  in  all  prior  years,  insofar  as  putting  multi- 
channel local  distribution  systems  in  actual  operational  day  to  day 
use.  It  can  now  be  said  that  AML  microwave  is  no  longer  a develop- 
mental technique,  but  a technique  which  is  essential  to  progressive 
cable  operators  who  wish  to  achieve  optimum  financial  performance 
for  themselves  and  optimum  signal'  quality  for  their  subscribers. 


Before  getting  into  a detailed  discussion  of  AML’s  performance  capa- 
bilities, I think  that  it  would  be  desirable  to  briefly  review  the 
equipment’s  salient  design  features.  A simplified  block  diagram  of 
the  AML  system  is  shown  in  Figure  1. 


Figure  1.  AML  System  - Simplified  Block  Diagram 


© 1972  - Theta*Com  of  California 


Signals  are  fed  to  the  AML  transmitter  from  a conventional  head- 
end,  where  they  should  be  processed  by  conventional  heterodyne 
processing  equipment.  The  AML  does  not  require  the  use  of  video 
ear  rie  rs  xwith  phaselocked  frequency  spacings  in  order  to  minimize 
inte  rmodulation  products.  This  avoids  the  necessity  for  going  down 
to  video  baseband  by  demodulating  and  remodulating  with  phaselocked 
modulators.  It  fur th e r eliminates  the  necessity  for  non-standard 
channel  assignments,  which  would  require  special  channel  converters 
in  all  subscribers'  homes  and  which  would  severely  aggravate  Venetian 
blind  phenomena  resulting  from  co-channel  interference  from  off-the- 
air  radiation  into  your  subscribers*  sets. 

The  processed  VHF  signals  from  the  headend  are  then  translated  in 
frequency  into  the  microwave  range;  i.  e.  , into  the  12  GHz  CARS  band. 
This  is  done  by  a parametric  upconvorter,  wherein  the  VHF  signals 
are  mixed  with  a carrier  oscillator.  The  upconverter  selects  the  sum 
of  the  VHF  and  carrier  frequency  and  rejects  the  carrier  itself  as  well 

as  the  lower  sideband  which  is  the  difference  between  these  two  fre- 

/ 

quoncies.  One  way  of  looking  at  the  action  of  the  upconverter  is  there- 
fore to  consider  it  as  a single  sideband  suppressed  carrier  AM  system. 
Another  way  of  looking  at  it,  is  that  the  VHF  signal  is  maintained  with 
its  modulation  intact  and  merely  translated  in  frequency  into  the  micro- 
wave  range.  The  modulation  of  the  microwave  signal  therefore  remains 
in  the  form  of  vestigial  sideband  AM.  This^is  th~o 'designation  which  the 
FCC  has  assigned  to  our  type  of  modulation. 

You  will  note  that  all  channels  are.p roces s od  separately  in  all  the  active 
stages  of  the  AML  transmitter.  This  is  the  design  feature  which  virtu- 
ally eliminates  the  possibility  of  crossmodulation  and  intermodulation 
from  arising  in  the  transmitter  and  is  what  enables  the  AML  system  to 
achieve  unmatched  performance  in  this  regard. 

The  microwave  output  from  every  upconverter  is  then  combined  in  a 
passive  network  to  be  fed  to  the  transmitting  antennas.  One  of  these 
antennas  is  used  to  radiate  the  signal  to  each  of  the  desired  receiving 
sites.  At  each  receiver,  the  incoming  microwave  signal  is  mixed  with 
another  carrier  oscillator,  which  in  this  case  serves  the  function  of 
the  receiver's  local  oscillator,  to  bring  the  signal  down  to  VHF  again. 
The  carrier  oscillator  in  the  receiver  is  phaselocked  to  the  carrier 
oscillator  in  the  transmitter  so  that  the  final  receiver  output  fre- 
quencies are  in  effect  phaselocked  to  the  transmitter  input  frequencies. 
This  avoids  the  Venetian  blind  effect  from  local  off^the -ai  r radiation, 
which  would  occur  whenever  channels  must  be  shifted  in  frequency 
without  means  for  phaselocking  them  to  the  local  off-the-air  stations. 

You  will  note  that  the  frequency  translation  in  the  receiver  is  handled 
in  one  block.  The  reason  why  this  is  feasible,  is  that  the  signal  levels 
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in  the  receivers  are,  of  course,  much  lower  than  those  in  the 
transmitter,  so  that  the  types  of  non-linearities  which  give  rise 
to  inte  rmodulation  and  crossmodulation  are  not  a limiting  factor 
here. 
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Figure  2.  AML  Frequency  Chart 


The  frequency  relationships  involved  in  the  AML  system  operation 
are  shown  in  Figure  2.  The  upper  portion  of  this  illustration  shows 
VHF  channel  assignments.  I have  only  shown  the  12  standard  VHF 
channels  plus  the  FM  broadcast  band.  Needless  to  say,  subject  only 
to  FCC  approval,  the  AML  can  handle  mid-band  and  super-high 
channels,  and  actually  even  sub-low  channels,  with  equal  facility. 
The  entire  FM  broadcast  band  is  transmitted  as  one  channel.  In 
some  cable  systems,  four  special  video  channels  are  transmitted  in 
lieu  of  the  FM  broadcast  band.  The  frequency  range  from  108  to  112 
is  used  to  carry  the  downstream  digital  data  for  Theta-Com's 
Subscriber  Response  System  or  for  similar  interactive  systems. 


The  AML  transmitter  output  frequencies,  which  are  shown  in  the 
middle  portioruof  the  illustration,  are  simply  derived  by  adding  the 
transmitter  pump,  or  carrier  oscillator,  frequency  to  the  VHF  input 
frequencies.  Conversely,  the  receiver  output  frequencies  are  derived 
by  subtracting  the  same  carrier  frequency  from  the  transmitted  fre- 
quency. Evidently,  if  the  carrier  oscillator  in  the  receiver  is 
phas elocked  to  the  carrier  oscillator  in  the  transmitter,  the  final 
•ereiver  ontnnt  frequencies  are  precisely  equal  to  the  transmitter 
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input  frequencies.  A pilot  tone  is  transmitted  in  the  AML  system 
in  the  frequency  range  between  channels  4 and  3 for  the, purpose  of 
phaselocking  the  local  oscillator  in  the  receiver  to  the  pump  fre- 
quency in  the  transmitter.  The  pilot  tone  is  also  used  for  automatic 
gain  control  in  the  receiver  in  order  to  reduce  the  effect  of  atmos- 
pheric fading  phenomena. 


Figure  3.  AML  Transmitter 

Figure  3 shows  an  AML  transmitter.  This  particular  two- rack  con- 
figuration can  handle  up  to  13  channels  as  well  as  the  pilot  tone.  Or 
this  might  be  14  video  channels,  the  FM  band,  anc*  the  pilot  tone. 
Each  rack  accommodates  up  to  8 channels  and  the  system  employs 
modular  techniques  so  that  only  as  many  racks  or  channels  within 
racks  need  to  be  procured  as  may  i>o  required  for  the  particular 
application.  Additional  channel  modules  or  additional  racks  can  be 
added  from  time  to  time  as  the  number  of  channels  carried  by  the 
cablegppe  rator  increases. 
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Figure  4,  AML  Receiver  Installation 


An  actual  receiver  installation  is  shown  in  !•  i^urr-  4,  The  receiver 

is  cable  powered,  in  a fashion  similar  to  that  ot  a conventional 

trunkline  amplifier,  and  is  capable  ot  one  rating  outdoors  over  a 
1 o \ ot^ 

temperature  ranee  from  -40  F to  *120  F. 
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Figure  5.  AML  Installation  Status  as  of  April,  1972 

Figure  5 shows  the  status  of  AML  installations  throughout  the  country 
as  of  April,  1972.  The  locations  having  a heavy  border  show  actual 
equipment  shipments.  The  other  locations  shown  indicate  those  FCC 
applications  for  AML,  which  have  gone  on  public  notice.  At  the  present 
time,  Theta-Corn's  AML  leads  in  the  number  of  FCC  filings  and  I 
would  like  to  emphasize  that  all  these  filings  are  bona  fide  filings  made 
and  paid  for  by  our  customers.  Insofar  as  actual  shipments  and  instal- 
lations are  concerned,  as  of  the  time  of  the  writing  of  this  paper, 
Theta-Corn's  AML  is  still  the  only  multi-channel  local  distribution 
system  in  actual  subscriber  service  by  cable  system  operators  all  . 
over  the  country.  The  climatic  conditions  encountered  range  widely 
from  the  Pacific  Northwest,  Northern  as  well  as  Southern  California, 
Texas,  Florida  and  the  New’  York  and  Long  Island  areas.  The  number 
of  FCC  filings,  the  granting  of  FCC  construction  permits,  and  the 
number  of  AML  shipments  and  installations  has  been  rising  exponen- 
tially and  it  is  really  quite  difficult  to  keep  these  statistics  up-to-date. 

r 

But  picture  quality  is  really  the  name  of  the  game.  Let  us  now’  go  to 
my  primary  topic,  some  hard  numbers  concerning  actual  performance. 
In  each  case,  I plan  lo  show  you  the  block  diagram  of  our  test  instru- 
mentation, photographs  of  the  instrumentation  employed,  as  w’ell  as 
the  data  itself. 
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Figure  6.  Block  Diagram  - Differential  Phase  and  Gain  Tests 

Figure  6 shows  a block  diagram  of  the  test  setup  employed  to  make 
differential  phase  and  gain  measurements.  These  measurements 
are  accomplished  at  video  baseband  using  a Model  Tektronix  146  TV 
Signal  Generator  and  a Tektronix  Model  520  Vectorscope  as  a differ- 
ential phase  and  a differential  gain  indicator.  The  necessity  for 
making  these  measurements  at  video  baseband  is  unfortunate, 
inasmuch  as  it  requires  the  use  of  a VHF  modulator  and  a VHF  de- 
modulator, the  combination  of  which  has  much  more  differential 
phase  and  gain  deterioration  than  does  the  AML  system.  It  is 
therefore  necessary  pTior  to  each  measurement  to  calibrate  the 
reference  path^  without  the  AML  and  subsequently  to  measure  the 
change  of  differential  phase  and  gain  when  the  AML  system  is  inserted. 
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] he  actual  inst  rum-nt  at  ion  employed  for  the  di  tie  rential  phase  and 
jai>i  measurement  is  shown  in  Fijure'7.  The  rack  of  equipment  at 
,‘lr  rirht-hand  <ide  of  this  photograph  contains  the  test  equipment. 

■ !.••  ’:n;'  at  the  top  o:  *he  rack  is  the  modulator,  the  unit  just  below 
»■  : s f m*  lektromx  test  signal  generator.  and  the  third  unit  from 
•he  ton  is  t!u*  Vrv  totrsoODr.  Tin-  equipment  below  the  oscilloscope 
;s  * he  demodulator.  ^hown  below  that  are  various  oluc-in  tuninu 
•;:uts  -or  the  modulator  and  the  demodulator  in  order  to  permit 
measurements  on  all  thannels. 
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!'i/j uro  3.  Differential  Gain  Response  of  AML  System 


ults  ot'  the  differential  ^ain  response  of  a complete  AML 
that  is  including  the  transmitter  as  well  as  the  receive*, 
seen  on  Figure  8 to  he  well  within  the  specification  limits 
or. minus  0.4  dH  on  all  channels. 


The  di  ffe  rent  ial  phase  response  of  the  AMI.  system  is  shown  on 
Figure  °.  Excessive  phase  shift  would  result  in  chances  in 
c olor,  as  a function  of  chances  in  color  intensity.  The  response 
of  the  AMI.  svsteni  may  he  seen  to  he  well  within  specifications 
and  far  better  than  CATV  system  requirements. 
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F i cu re  10. 


Block  Diagram 


Group  Delay  Inst  rumen 


tation 


T Ik*  block  diac ram  ot  the  test  setup  for  group  delay  measurements 
is  shown  in  ricure  10,-  Essentially,  tliis  method  of  measurement 
employs  a Vector  voltmeter  to  measure  the  phase  shift  ot]  the  1.38R8MH?. 
modulation  on  a VHF  carrier,  as  the  latter  is  swept  through  all  channels. 
The  odd  modulation  frequency  is  chosen  for  convenience  of  calibration 
so  that  a 10  decree  phase*  shift,  as  measured  on  the  Vect/or  voltmeter, 
is  equivalent  to  a time  delay  of  20  nanoseconds.  This  makes  it  con- 
venient to  use  the  angular  onset  switch  on  the  Vector  voltmeter  to 
calibrate  the  oscilloscope  display  to  read  directly  in  nanoseconds.  The 
measurement  technique  shown  on  this  block  diagram  has  several  advar,- 
tages,  the  most  .significant  of  which  is  the  fact  that  measurements  are 
made  directly  at  VIIF  rather  than  at  video  baseband,  thus  eliminating 
the  necessity  for  using  modulators  and  demodulators.  This  is  particu- 
larly advantageous  inasmuch  as  the  modulators  and  demodulators  have 
much  more  group  delay  themselves,  than  what  we  are  trying  to  measure 
on  AM  T.# 


I am  indebted  to  William  II.  Lambert  and  Andrew  W . Barnhart  for 
suggesting  this  method  of  measurement  to  us. 


Figure  II.  firoup  Delay  Inst  ruinentat  ion 

A photograph  of  the  actual  inst  rum^ntnt ion  employed  is  shown  in 
Figure  11.  The  t erhnician' s hand  is  on  the  Vector  voltmeter. 

Directly  above  the  Vector  voltmeter  is  the.  sweep  generator  which 
is  used  to  sweep  across  the  entire  V I IF  hand.  The  \r>t  oscillator 
on  the  riiiht  side  of  the  bench  is  beine  used  to  turnish  the  I.  '»8iSS  Mil/ 
modulation  signal,  hut  we  \\* -ill  replace  this  shortly  with  a small  lixed 
frequency  oscillator.  1 he  oscilloscope  shown  on  the  lett  side  ot  the? 
bench  is  a storage  oscilloscope,  which  makes  it  more  convenient  to 
make  accurate  measurements  while  sweeping  very  slowly  across  the 
hand  for  each  channel. 
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The  group  delay  response  of  the  AML  system  is  shown  on  Figure  12. 
It  may  be  seen  to  be  well  within  specifications  and  again  much  below 
the  threshold  of  disce rnibility. 

t 

For  a fixed  transmitter  power  output  and  a fixed  path,  the  major 
remaining  parameter  affecting  the  AML  system's  propagation  reli- 
ability, is  the  receiver  noise  figure. 
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Figure  13,  AML  Receiver  Noise  Figure  Measurements 

and  Block  Diagram 

A graph  of  the  noise  figure  of  a typical  AMI-  receiver  is  shown  on 
Figure  1 3,  together  with  a block  diagram  of  the  test  instrumentation. 
The  discontinuity  in  the  curve  is  due  to  the  fact  that  the  current 
receiver  configuration  processes  the  low  and  high  band  sepa  rately . 
We  will  have  a new  receiver  design  available  shortly  \^l$h  can  also 
handle  the  mid  and  super-high  bands  witfr  performance 'c^parable 
to  that  shown  here.  It  may  be  noted  that  Mje  noise  figurelfmeasured 
I is  well  within  specifications . Measurement's  made  oh  a single 
| receiver  are,  however,  not  particularly  conclusive. 
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Figure  14.  Noise  Figure  Measurement  Instrumentation 

Connected  to  the  lower  end  of  the  .AMI.  receiver  arc  a Hewlett 
Packard  Model  H7A  noise  generator  and  a precision  waveguide 
attenuator.  On  the  bench  are  a small  VIJF  amplifier  and  a Hewlett 
Packard  Model  ^42  A Noise  Figure  Meter.  The  latter  is  operated 
at  a signal  level  where  changes  of  J_  1 0 dB  do  not  affect  the  measure 
ment.  The  entire  setup  is  periodically  recalibrated  at  the  Hughes 
Primary  Standards  Laboratory.  Ue  have  found  our  test  results  to 
be  significantly  more  conse  rvnfi  ve  than  the  conventional  Field 
Int  c ns  i t y Motor  mot  hod. 
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Figure  15.  Statistical  Distribution  of  Receiver  Noise  Figure 
* 

Figure  15  illustrates  the  statistical  distribution  of  receiver  noise 
figure  measurements  made  on  a very  large  number  of  different 
receivers.  Measurements  are  shown  here  at  both  ends  of  the  band 
as  well  as  in  the  middle.  Plotted  on  the  horizontal  shale  is  the 
receiver  noise  figure  and  plotted  on  the  vertical  scales  are  histo- 
grams of  the  number  of  receivers  having  *-he  various  noise  figures. 

It  may  be  noted  that  the  measurements  are  scattered  over  a range 
of  in  excess  of  3 dB,  and  that  all  measurements  'except  for  two 
receivers  that  were  obviously  not  shipped)  are  well  within  specifica- 
tion. There  is,  however,  an  unmistakable  trend  indicating  that  the 
average  noise  figure  at  the  high  end  of  the  band  is  slightly  inferior 
to  that  at  lower  frequencies,  but  nevertheless  well  within  specifications. 
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Figure  16.  Block  Diagram  - Crossmodula tion  Measurements 

A block  diagram  of  the  synchronous  crossmodulation  measurement 
setup  is  shown  in  Figure  16.  The  instrumentation  employed  is  the 
Theta-Com  (former  Kaiser)  CATV  Division’s  Model  KTSS  cross- 
modulation  test  set  with  the  Jerrold  704  field  strength  meter  and  a 
General  Radio  Model  1°00  wave  analyzer.  Measurements  are  made 
synchronously  in  accordance  with  the  NCTA  method.  I am  sure  that 
you  are  all  familiar  with  this  method  and  I need  not  dwell  on  it.  The 
AMI.  system’s  crossmodulation  specifications  a re  tabulated  in  the 
upper  right-hand  corner  of  this  chart.  Various  different  specifica- 
tion limits  are  given  because  it  is  possible  to  trade  off  signal-to- 
noise  ratio  versus  crossmodulation  performance.  For  instance,  if 
t h’o 'microwave  path  is  long  and  the  amplifier  cascade  is  short,  over- 
all performance  can  be  improved  by  driving  the  receiver  harder  to  a 
higher  si  gnal -to-nois  e ratio.  Conversely,  on  short  microwave  paths 
wijth  relatively  long  cascades,  overall  performance  and  reliability 
are  improved  by  choosing  a lower  s ignal-to- noi  s e ratio  and  a higher 
c ros s modulation  performance.  ' 
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A photograph  of  the  actual  c rossmodulation  instrumentation  employed 
is  shown  in  Figure  17.  The  test  instrumentation  is  shown  in  the 
third  rack  at  tin*  right.  The  three  rows  of  modules  shown  at  the  top 
are  the  various  channels  of  the  crossmodulation  analyzer.  .hist  below 
them  is  the  field  strength  meter  and  the  la  rue  instrument  in  the 
center  of  the  rack  is  the  General  Ivadio  wave  analyzer.  Incidentally, 
the  test  setup  shown  her**  is  one  of  our  final  qualify  assurance  test 
stations,  and  all  AMI.  equipment  currently  heinu  shipped  goes  through 
this  test  station,  not  on  a sampling  basis,  hut  on  a7one  hundred  percent 
tost  basis.  / , 
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Figure  18.  Crossmodulaiion  Performance  of  AML  System 

The  results  of  the  crossmodulation  measurements  of  a typical  AML 
system  are  shown  in  Figure  18.  Because  of  the  high  degree  of 
crossmodulation  suppression,  the  graph  is  somewhat  difficult  to 
read,  expanded  versions  will  be  shown  later.  In  the  meantime,  you 
can  see  that  the  crossmodulation  hovers  within  several  dB  of  90  dB. 
This  is  well  within  the  specification  limits  indicated.  It  should  also 
be  pointed  out  that  because  of  the  practical  limits  of  the  inst rumenta- 
tion  employed,  the  instrumentation  noise  level  is  of  the  same  order 
of  magnitude  of  what  we  are  trying  to  measure  here.  For  that  reason, 
and  because  of  the  masking  effects  of  the  instrumentation  noise,  I 
believe  that  the  actual  crossmodulation  performance  is  even  better 
than  shown  on  the  graph. 
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Figure  19.  Statistical  Distribution  of  AML  System 
Synchronous  Crossmodulation 

Here  again  measurements  on  a single  AML  system  are  not  neces- 
sarily conclusive.  I am  therefore  showing  on  Figure  19  the 
statistical  distribution  of  AML  system  crossmodulation  in  several 
typical  channels  at  both  ends  as  well  as  in  the  middle  of  the  band. 

The  horizontal  axis  shows  the  synchronous  crossmodulation  and  the 
vertical  axis  shows  the  number  of  AML  systems  having  any  given 
crossmodulation  performance.  You  will  note  that  the  average  of  the 
measurements  is  significantly  better  than  the  specification  limit  and 
that  no  measurement  falls  below  the  stated  limits. 

Just  as  measurements  on  just  a few  systems  are  not  sufficient  in 
order  to  insure  proper  performance  of  all  systems,  neither  are 
measurements  at  normal  room  temperature  particularly  meaningful. 
The  performance  of  all  AML  equipment  is  therefore  carefully  checked 
over  the  entire  range  of  environmental  test  conditions  specified. 
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Figure  20.  * Knvi  ronmental  Tost  Chamber 

Figure  20  shows  an  AML  receiver  being  set  up  for  testing  in  one 
of  our  envi  ronmonl  al  test  rhamhors.  The  reels  of  cable  and  trunk- 
line amplifiers  in  the  test  chamber  have  nothing  to  do  with.  I he 
measurements  which  I will  report  shortly,  but  may  be  of  interest 
to  you  inasmuch  as  they  are  the  lb  amplifier  dual  cable  two-way 
CATV  system  which  is  currently  being  installed  in  K1  Sygundo,  2\ 

California  for  the  nurpose  of  testing  our  new  Subscriber  Response 
System.  To  get  hack  to  the  AML,  we  have  tested  a large  number  f 
of  AML  receivers  and  transmitters  in  combination  as  well  as  separ- 
ately. in  this  test  chamber,  over  the  various  temperature  ranges 
specified  in  each  case.  _ 
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AML  SYSTEM  SYNCHRONOUS 
CROSSMODULATION  AS  A FUNCTION 
OF  RECEIVER  TEMPERATURE 
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Figure  21 

Figure  21  shows  the  effect  on  synchronous  crossmodulation  per- 
formance as  the  receiver  temperature  is  varied  from  -30  F to 
+ 130°F>  Performance  remains  well  within  specification. 
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AML  SYSTEM  SYNCHRONOUS 
CROSSMODULATION  AS  A FUNCTION 


Figure  22 

Figure  22  shows  the  effects  on  cros  s modulation  performance  as 
the  transmitter^  is  varied  iii-tempe rature  from  77  F«up  to  -flOO  Fj 
and  down  to  40  F.  Here  again  performance  remains  well  within 
the  specification  of  85, dB,  You  will  have  noticed  that  the  temper- 
ature range  for  the  receiver,  which  is  intended  for  outdoor,  mounting 
under  extreme  environmental  conditions,  is  much  wider  than  that*  foi 

the  transmitter  which  will  usually  be  mounted  in  the  headend. 
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AML  SYSTEM  SIGNAL  TO  NOISE 
RATIO  AS  A FUNCTION  OF 


Figure  23 

Figure  23  shows  the  overall  AML  system  sigpal-to-noise  ratio  as 
a function  of  receiver  temperature.  It  may  be  seen  that  lowering 
the  receiver  temperature  significantly  improves  system  noise 
figure.  Measurements  were  made  at  a temperature  of  130  F, 
which  is  10  higher  than  the  specification. limit  of  120  F.  We  do  not 
wish  to  imply  that  the  equipment  should  be  operated  beyond  its 
specifications. 
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Figure  24 


Finally,  on  Figure  24  is  shown  the  effect  on  AML  system  signal-to- 
noise  ratio  as  the  transmitter  temperature  is  varied.  You  might  ask 
what  will  happen  if  the  transmitter  temperature  should  deviate  from 
the  limits  shown  here.  Actually  very  little,  certainly  nothing  from 
the  reliability  or  signal  quality  viewpoints.  The  temperature  limits 
specified  are  solely  to  keep  the  transmitter  performance  within  its 
extremely  stringent  specifications. 

This  essentially  concludes  my  discussion  of  the  performance  of  the 
AML  system  operating  by  itself  and  let  me  turn  now  to  the  even  more 
interesting  topic  of  the  combined  operation  of  AML  and  conventional 
CATV  systems.  After  all,  the  AML  system  does  not  feed  subscribers 
directly,  and  its  performance  must  therefore  accommodate  the  further 
signal  degradation  encountered  in  the  cable  system  itself.  For  the 
purpose  of  these  composite  performance  measurements  we  employed 
the  32  amplifier  cascade  shown  in  Figure  25  in  series  with  the  AML 
system. 
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Figure  25.  32  Amplifier  Cascade 
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The  cascade  shown  here  contains  32  trunkline  amplifiers  and  32 
reels  of  412  cable  having  the  appropriate  20  dB  of  attenuation  at 
channel  13  between  successive  amplifiers.  The  amplifiers  shown 
mounted  in  the  vertical  plane  are  the  downstream  or  forward 
direction  amplifiers  employed  in  these  tests.  At  the  top  of  this 
cascade  are  shown  upstream  or  reverse  direction  amplifiers 
together  with  their  associated  bypass  filters.  These  are  used  for 
Subscriber  Response  System  tests,  and  two-way  AML  tests,  but 
not  for  the  tests  reported  herein.  Incidentally,  this  entire  cascade 
of  32  amplifiers  and  32  reels  of  cable  is  mounted  on  wheels  and  is 
usually  rolled  into  the  environmental  test  chamber  which  you  saw 
earlier,  together  with  the  AML  transmitter  and  receiver  so  that  the 
composite  performance  of  the  AML  system  operating  in  conjunction 
With  the  amplifier  cascade  can  be  measured  under  temperature 
extremes. 


Figure  26.  Composite  Crossmodulation  - AML  Plus  Amplifier  Cascade 

Figure  26  shows  the  results  of  the  first  of  this  series  of  measure- 
ments. The  top  curve  shows  the  synchronous  crossmodulation  of 
the  AML  system  operating  by  itself,  the  second  curve  shows  the 
crossmodulation  of  the  32  amplifier  cascade  operating  by  itself,  and 
the  lowest  curve  shows  the  combined  performance  of  the  AML  driving 
a 32  amplifier  cascade.  The  deterioration  is  less  than  3 dB  for  all 
channels  because  the  crossmodulation  of  the  AML  is  so  much  better 
than  that  of  the  cascade. 


Figure  27.  Composite  S/N  - AML  Plus  Amplifier  Cascade 

Figure  27  shows  similar  curves  for  signal-to-nois e ratio.  The 
top  curve  shows  the  signal-to-noise  ratio  for  the  AML  system  by 
itself,  the  middle  curve  shows  the  signal-to-noise  ratio  of  the  cas- 
cade by  itself,  and  the  bottom  curve  shows  the  combined  performance 
of  the  AML  driving  a 32  amplifier  cascade.  In  this  case,  the  degra- 
dation of  the  cascade  signal-to-noise  ratio  is  also  small,  in  spite  of 
the  fact  that  the  differential  between  the  AML  system  performance 
and  the  cascade  performance  is  not  quite  as  large  for  signal-to-noise 
as  it  is  for  crossmodulation.  The  reason  for  this  is,  of  course,  that 
signal-to-noise  combinations  are  made  on  a power  basis  whereas 
crossmodulation  combinations  are  made  on  a voltage  basis.  I?y  way 
of  illustration,  two  signal-to-noise  ratios  that  are  equal  in  magnitude 
combine  for  a composite  signal-to-noise  ratio  that  is  only  3 dB  worse, 
whereas  two  crossmodulation  values  that  are  equal  in  magnitude  can 
combine  to  resxilt  in  a composite  performance  that  is  6 dB  worse. 

Note,  however,  that  the  curves  which  I have  shown  are  all  plots  of 
measurements  and  not  of  calculations. 

The  previous  two  illustrations  showed  the  composite  actual  performance 
with  a 32  amplifier  cascade.  The  effect  of  different  cascade  lengths  is 
shown  on  Figure  28. 
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Figure  28.  Composite  AML  Cascading  Characteristics 


The  abscissa  on  this  illustration  is  the  number  of  amplifiers  in  the 
cascade  plotted 'on  a logarithmic  scale.  The  vertical  axis  is  signal 
level  in  dBmV.  Curve  "A"  is  the  maximum  trunkline  amplifier 
output  level  for  a cascade  operating  by  itself,  which  cannot  be  ex- 
ceeded if  the  synchronous  crossmoclulation  at  the  end  of  the  cascade 
is  not  to  be  worse  than  -57  dB  down.  Curve  "B"  is  a similar  curve 
for  the  maximum  output  level  of  the  trunkline  amplifiers  in  cases 
where  an  AML  system  is  connected  ahead  of  the  amplifier  cascade. 
The  small  spacing  between  Curves  "A"  and  "B"  is  due  to  the  fact 
that  the  crossmodulation  of  the  AML  is  very  much  better  than  that 
of  the  amplifier  cascade. 


Curve  "C"  is  the  minimum  input  level  of  a cascade  of  trunkline 
amplifiers  operating  by  itself  which  must  be  exceeded  if  the  signal- 
to-noise  ratio  at  the  end  of  the  cascade  is  not  to  be  worse  than  45  dB. 
Curve  "D"  is  a similar  curve  for  situations  where  an  AML  system 
is  connected  in  series  with  the  amplifier  cascade.  In  this  case  the 
spacing  between  the  curves  does  not  begin  to  get  small  until  the 
amplifier  cascade  gets  rather  long.  This  is,  of  course,  the  area  of 
interest  inasmuch  as  it  is  trivially  easy  to  feed  a short  cascade. 

Obviously  if  the  upper  sets  of  curves  represent  the  maximum  output 
level  from  the  amplifiers,  and  the  lower  set  of  curves  represents  the 
minimum  input  level  to  the  amplifiers,  then  the  minimum  separation 
between  the  upper  and  lower  curves  is  equal  to  the  gain  of  the  ampli- 
fiers. This  is  in  turn  equal  to  the  attenuation  of  the  cable  connecting 
successive  amplifiers.  This  spacing  is  20  dB  at  channel  13.  The 
maximum  cascade  is  shown  in  the  illustration  for  both  the  cascade 
operating  by  itself  as  well  as  the  cascade  operating  in  series  with  an 
AML  system.  In  the  former  case,  the  maximum  length  of  the  cascade 
is  31  amplifiers,  and  in  the  latter  case  it  is  25  amplifiers.  In  a 
manner  of  speaking,  the  AML  system  may  then  be  said  to  be  equivalent 
to  a cascade  of  6 amplifiers.  This  is  an  over-simplification,  however. 
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The  cross  modulation  of  an  AML  system  is  much  lower  than  that  of  a 6 
amplifier  cascade. 

It  should  be  noted  that  the  reduction  in  the  length  of  the  tolerable 
cascade  with  AML  does  not  represent  a reduction  in  tho  area  to 
be  covered.  On  the  contrary,  since  the  AML  can  easily  cover  a 
distance  of  the  order  of  20  miles  before  the  cascade  even  starts, 
the  total  distance  to  be  covered  with  AML  is  three  times  as  great 
as  without  and  the  total  area  or  the  number  of  subscribers  which 
can  be  covered  with  the  same  quality  of  signal  is  nine  times  as 
large.  Conversely,  if  the  intention  is  to  improve  signal  quality 
rather  than  to  expand  the  system,  the  total  length  of  amplifier 
cascades  can  be  vastly  reduced  and  signal  quality  correspondingly 
increased. 

In  conclusion,  the  AML  local  distribution  multi-channel  microwave 
system  is  finding  increasing  acceptance  among  sophisticated  cable 
operators.  Its  performance  fulfills  the  most  exacting  requirements. 
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